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RADIAL-ENGINE

SUMMARY

COWLINGS-TRACTOR PROPELLER

By DONALD H. WOOD

This report is the third of a sm”es giving the results
obtained in the 2?O#ootwind tunnel of the National Ad-
tioqj Committee for Aeronawtti on the in.hference
drag and propwl.sivee&ency of nacd?e=prope-hr-wing
combinuibn-s. The jirst report gave the remd.iaof the
tests of an N.A.C.A. cowled air-cookzi engine nacelle
&h tractor propeUer licated in .21posithw with refer-
enu to a thick wing. Th8 second report gave the mxulis
for several engim cowhge ad nacdks with tractorpro-
pel.kr locatedin four positinM with reference to th 8ame
wing. The preserd report gives remdls of tests of the
saw n.ac&%8and cowt?@8 in tb 8ame posdim-s with
refmence to a emali%rwing of Clurk Y section.

T?w wing had a 38-inch chord and a li5-foot-10&ch
epan. Tha engine wiw a 4/9-8calemodel of a Wright
J-6 radial air-coolzd engine. T&s were made with a
sma.!lnacelle with exposed en@ne cylinder8, &h a ruzr-
row variable~Wle cowling ring, and with a hood taken
from an N.A.C.A. cowlednucelle. Ttxti were ako made
with the N.A.C.A. cowled nacelle complete and with a
smooth body forming the nacelle. The propeller w a
4-footdbmeter mociii of the Navy No. #.t$ a&udable-
pitch metalpropeller.

T?w lifi, drag, and propuk-ive e- were oMer-
mined & severalangla of attackfor each cowling and in
each & location. The net e- was computed
by the methods of N.A.C.A. Report 416, and the rew.i%s
are compared with t@8e of that report and of iV.A.C.A.
Report 436.

I he results.of tb teds with the Clark Y wing are in
general agreementwith those obtainedting a thick wing.
The .N.A.0.A. cowled nacdle l.ocuteddirwti?yahead of
thewing is thebesttrader-mzcellearrangement. Anu.lyti
of the rewo% shows that the net ejbiency h but littb
a$ected by the aiq%il section of the wing if the nucelles
are locutedtti sawfidion of the chordfiom the leading
@e. The gain in e- due to cuwlingthe engine h
so much greder than the ggin dweto proper nacelle locu-
tion thd it h aa%idie to cowl radiul engina carefully
before attempting to tuke adoadage of b favorable
e~ects of locating the nacelle ahead of tti wring. The
proper Locaiionof naceila and careful cowling are im-
portant in th high-speed range of flighi, M in i% lower

peed ranges there i8 little ad%niqe
ioh or cowling over another.

of one naceue posi-

INTRODUCIIC)IY ,

This report is the third of a series giving the remdts .
If a general inve%igation of the mutual effects of
wings, nacelles, and propellers. The program, origi-
ndy presented at the Fourth Annual Aircraft Engi-
neering Research Conference in May 1929, has been
modified aud extended from time to time, and now
includes nacelles with tractor, pusher, and tandem
propellers, and biplane as well as monoplane wings.
I%sts have been made with several propeller pitch
settings and with numerous types of air-cooled engine
cowlings. Later teds will give results on nacelles and
cowlings for liquid+moled engines.

The first report (reference 1) gave the results ob-
tained with an N.A.C.A. cowled air-cooled engine
nacelle and tractor pIopeller located in 21 positions
with reference to a thick monoplane wing. The sec-
ond report (reference 2) gave the results for several
engine cowlings and nacelles with tractor propeller
located. in four positions with respect to the same
wing.

The thick wing used in the early tests was designed
to be comparable to the portion of the wing where the
nacelles are’ located on unbraced monoplanes. In
many installations thinner wings are used and it was
considered advisable to determine in a general way the
ef#ect of *g a smaller wing.

This third report therefore presents the results ob-
tained with the same engine nacelles that were used on
the thick wing and with several of the same variations
in cowling. The nacelles were so located that the pro-
peller wae the same distances from the wing as in the
tests of reference 2. The wing had a Clark Y sectioti
of considerably narrower chord than the thick wing.
Additional results were also obtained with a smooth
body located in the 4 positions previously mentioned,
and in 3 other positions farther from the wing. These
latter results are useful in indicating the effect of body
shape on the nacelle-propeller performmce.

& pohted out in the previous reports, the nacelle
positions tested represent the best location, directly
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ahead of the wing, and three other positions which
have been quite commonly used in airplanesin the past.
The number of positions was limited to some extent by
the necessity of reducing the number of tests because
of the time required. h any event, actual airplanes
employ nacdle and wing arrangements which, because
of practical considerations, will differ from those tested
however detrded the program may be.

In all the reports of the investigation the same sys-
tem of presenting the results is being used. Detailed
information is included in the tables in the event that
the reader may wish to reduce the results by other
methods. This report completes the presentation of
the information obtained on tractor propellers with
radial engines and cowlings.

APPARATUS AND METHODS

The propeller-research tunnel, in which the tests
were made, is described in reference 3. Standard

radial engine, and were four-ninths (0.446) full scale.
A detailed wooden model of this engine was installed
in the proper position in the nacellea. One nacelle,
constructed with the dimensions given in figure 1
and called “small nacelle”, represents a normal
nacelle such as is employed when the engine is un-
cowled. A larger nacelle fitted with a hood, the
nacelle and hood constituting an N.A.C.A. cowled
nacelle, was also used in some of the tests. The
principal dimensions of this nacelle and the hood are
given in figure 2. A third nacelle, called a “smooth
body”, was also used in some tests. The dimensions
of this body are given in figure 3. It may be men-
tioned that the small nacelle and the N.A.C.A. cowled
nacelle are identical with those used in the tests of
references.1 and 2.

Tests were also made with the small nacelle fitted
with the N.A.C.A. hood mentioned previously, and
with a variabh+angle ring. The ring was so con-

Sedim A-A
FIGUEEL-hall nacdleandm&!iueassmbly.

apparatus and test methods were used, with certain
exceptions mentioned later.

The wing was constructed of wood with a 38-inch
chord and a 15-foot lo-inch span (aspect ratio 5).
This span was the largest that could be conveniently
accommodated in the wind tunnel. The airfoil sec-
tion was the Clark Y, whkh has a maximum thickness
of 11.68 percent of the chord. The ordinates of this
section are so well known that they are not repeated
here. The central portion of the wing was provided
with suitable metal ribs and platea for the connection
of the struts required in attaching the nacelle to the
*.

The engine nacelles, constructed of sheet durahmin,
were similar to nacelles required for a Wright J-5

strutted that the angle of its inner
surface with reference to the thrust axis
could be adjusted, and in these tests
this angle was made –8°. This ring is
identical with that used in tests of ref-
erence 2; its dimensions are given in
figure 4. In all the tests with the vrwia-
ble-angle ring the leading edge ma lo-
cated 6X inches ahead of the center line
of the engine cylinders.

The propeller, which is 4 feet in di-
ameter, is geometrically similar to the
Navy No. 4412, 9-foot-diameter aluminum
alloy propeller. A number of full-scale
teds of this propeller have been made
and are described in reference 4. The
blades may be turned in the hub to give
difEerent pitch settings. In the tests
discussed here the pitch setting was 17°
at 0.75 R, which is about average for
usual operating conditions. This is the
same pitch used in the tests of references
1 and 2, and the results of the propeller

tests are therefore directly comparable. .
For driving this prope~er, a 25-homepower 220-volt

&recLcurrent motor was mounted within the nacelle.
Wineswere led from the motor down the struts into the
wing and along the supporting members to the control
equipment on the floor below. The wires were
cmefrdly taped to the struts, and subsequent tests
indicated a negligible effect on the tare drag. In a
few of the first tests the wires were carried to the
nacelle through a separate streamline strut. A
Prony brake was used for calibrating the motor, and
curves were obtained giving armature current against
torque for several values of the field current. During
the tests the field current was held at one of these
calibrated values. Revolution speed was indicded by
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n condenser-type electric tachometer connected by
wires to an indicating instrument on the control board.

The wing-nacelle-propeller combinations with the
various cowlings were tested with the nacelle and wing

in the tests of reference 1. The nacelle positions are
designated by the system of lettem shown.

The wing and nacelle combinations were mounted on
the balance by means of standard supports, which have

rA

.

mrust’ line-

.

Secf#n A-A Secfmn B-B Secficm C-C Sedmn DO

FIOUXE2.-N. A.O.A cowlednacalleandengineasmnbly.

Section A-A Secfbn B-B SW& c-c
~UEE 3.—Smc4thbody.

in the relative positions marked in @ure 5. In the
figure the crosses and circles indicate the positions of
the center line of the propeller hub in the present tests.
The crosses alone indicate other nacelle locations used

4070S-~24

p-im..-

. E-
(m-J.w

Secfbn D-D

been described in reference 5. With these supports
the airfoil pivots about a line near the lower surface
25 percent of the chord back from the leading edge, and
the angle of attack is adjusted by a crank operating a
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post connected with a sting on the airfoil. The airfoil
and nacelle mounted in one test position are shown in
figure 6. Figures 7,8, 9, 10, and 11 are photographs
of the other wing-nacelle set-ups. In all case9 the
thrust line of the propeller vm.sparallel to the wing
chord. The lift and drag forces were, measured
simultaneously by balm”& on the floor below. .The
Reynolds Number varied from about 1,350,000 at the
lowest air speed (50 miles per hour) to 2,750,000 at the
highest speed (100 miles per hour).

For use in subsequent analyses, a series of t&ts at
various air speeds was made with the wing alone at
angles of attack of —5°, 0°, 5°, 10°, and 15°. Similar
tests had been previously made with the nacelles alone
(reference 6).

With each combination a run was made at several air
speeds with the propeller removed. The lift, drag, and

@ Position of propellw,
present tests. a - J2”

--A!

-1--1-

Mmrm S.-lWng-nao3Ue&t lmtions.

air speed were measured. A second test was theu
made with the propeller in place, and with the tunnel
operating at several air speeds. In thi9 te9t the lift,
drag (or thrust), torque, propeller revolutions, and air
speed were m-”ured. Separate tests were made at
angles of attack of —5°, 0°, 5°, and 10°.

Tare-drag measurements were made with the wing
supported free of the supports. Other tests indicated
that the propeller had a negligible effect on the tare
k.

Previous results (references 1 and 2) had shown
that there was an advantage in fai.ringthe nacelle into
the wing when the two were close together and, ac-
cordingly, in these tests with the nacelle in positions
B-l-A and A-l-B, the space between the nacelle and
wing was filled with a faking. Previous results had
also shown a peculiar effect of the side brackets used for
mounting the nacelles when the nacelle was located

ahead of the wing. Tests were made on the small
nacelle both with a fairing surrounding these side
brackets and with the brackets removed. The fair-
ings required over the brackets on the N.A.C.A.
cowled nacelle were very small and no tests were mnde
with them removed. The fairings and side brackets
are shown in the photographs of @ure 8 and in figures
13 and 14. When the nacelles were located in positions
C-3-A, C-3-B, and A-2-B, they were supportid on
struts and no fairings were used.

RESULTS

The measured lift and drag were reduced to the
usual coe5cients

momentc.= ~8c
where

q, the dynamic pressure (}4 p V’).
p, mass density of the air.
V, velocity.
S, area of the wing.
c, chord of the wing.

(All moments are taken about the quarter-chord
point of the wing.)

These coef6cients were first plotted against the
dynamic pressure q and then cross-plotted as CL, OLI,
and Cm against a (angle of attack) at values of the
dynamic pressure corresponding to 50, 75, and 100
miles per hour.

The lift and drag coefficients have been plotted as
polar diagrams airanged to facilitate comparison of the
results with various cowlings in the diilerent nacelle
positions. Figure 12 shows the results for position
B-l-A with various cowlings; figure 13shows the results
for position B with side bracket faking in place; figure
14 shows the results for position B with side brackets
removed; figure 15 shows the reaulta for position
A-l-B; and iigure 16 shows the results for position
A-2-B. Figure 17 shows the comparative results for
the small nacelle without cowling in four nacelle posi-
tions, and iigge 18 shows similar results with the
N.A.C.A cowled nacelle. Figure 19 shows tho com-
parative results obtained with the smooth body in
various positions. In all these diagrams the polar of
the wing alone is also given. All the polars are
plotted horn the data obtained at an air speed of 100
miles per hour. The results are also given in tables
I and II, together with those for two other air speeds,
50 and 75 miles per hour. The values of the moment
coefficients, which were found to be the same for all
air speeds, aregiven in table III.
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The results with propeller operating are reduced to
the usual coefficient

T–AD ‘
c,=- C.= -j-j

and vz propulsive efficiency I
= %eitive thrust X {elocity of advance

motor power
- (T–AD) V

P

(C~P) Table VIII, Moment C?oticient with Pro-
peller Operating (C.P). Since only individual values
of the above codicients are used in later comparisons,
no curves are reproduced here. The reader is referred
to reference 1 for a typical set of such curves.

ACCURACY

All readings were taken on scalea and instrument
that were calibrated frequently during the tests.
The angles of attack of the airfoil were set within 5’
of the desired angles with an inclinometer. The
motor calibration showed a scattering of points repre-

FIQmIEtl.-Photqraph of ~-@e mmbhmifonin pmftfonB mountedfortesk

where T, thrust of propeller operating in front of
body (tension in crank shaft).

AD, change in drag of body due to action of pro-
peller.

T-AD, effective thrust(discussed in reference 4) and
0“ and C. are computed as before but are now called
U~Pand CmP:

The c.aefiiclentsfor all nacelle positions and cowlings
at various values of V/nD and diflerent mgles of
attack are given in tables IV to VIII, inclusive:
Table IV, Thrust Coefficient (G); Table V, Power
Coefficient (C.); Table VI, Propulsive IMiciency (q);
Table VD, Lift Coefficient with Propeller Operating

senting a maximum error of 1 percent. Tachometer
readingswere accurate within 10revolutions per minut8.
The lift and drag were meaaured to the nearest pound.

In certain cases at high angles of attack the forces
fluctuated rapidly and ,the above accuracy could not
be obtained. These fluclmations occurred mainly
near the burble point of the airfoil. The major portion
of the faired results are believed to be correct with-
in + 2 percent.

DISCTJSSION

In a general consideration of the problem of a nacelle
and a propeller operating near a wing, several factors
must be considered. The nacelle and wing have mu-
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tual interferences which appear as changes in the lift
and drag, the propeller characteristic are influenced
by the presence of wing and nacelle, and the slipstream
in turn changes the forces on the wing and nacelle.
A detailed discussion of these questions is given in
reference 1, and it is concluded there that a comparison
of the relative merits of wing-nacelle-propeller com-
binations must include propulsive efficiency, inter-
ference-drag effects, and lift effects. A net efficiency

COMMITTEE FOR AERONAIJTIw

arrangements in a fairly narrow range so that the
predominating factor in the determination of the net
efficiency is the nacelle drag and interference. A
comparison of the relative drags of the various combina-
tions is then a fit approximation to their relative
merits.

Accordinglyj the drag results are fit discussed and
later the propeller effects are included. Besides
simp~~ the discussion, a somewhat clearer picture

Smell mxdl~ mufeble+,ngleringsat-~, felredintowing.

Smell - NAO..A. hm hiredintowinE. N&O.& cewkdnecallqfeh’edintowin&

Fm- 7.—NacsJlesInP_MtionE-I-L

is derived therein which imiludcs the above factors in
a rational and simple manner. The same methods
are employed here. The method is perfectly general
and the results can be compared directly with those
previously given.

The largest item in the net e.flkiency is the pro-
pulsive efficiency, but all test results point to the
fact that the propulsh-e efficiency varies wi& different

of the phenomena k perhaps thus obtained. In
&urea 12 to 19, inclusive, each line represents a
diflerent combination of nacelle, wing, and cowling,
The abscissa intercept between the wing-alone polar
and that for any wing-nacelle cowling combination
represents the drag added by the nacelle; i.e., the
nacelle drag plus wi.ng-nacdle-int.erferencedrag. Sim-
ilarly, the ordinate intercept represents the lift change
due to the nacelle and cowling. These intercep~ me
of first importance because the arrangement that

.
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develops the least increase of drag and the least loss
of lift (that polar closest tQ the wing-alone polar) is
the best, considering only the lift and drag.

In figure 12, which shows the results with nacelles
and cowlings in position B-l-A, at a lift coefficient of
0.35 corresponding to about 0° for the wing alone, the
drag added by the small”nacelle with exposed engine
cylinders is about 2%ties that added by the N.A.C.A.
cowled nacelle; that added by the N.A.C.A. hood or

II

added is very much less. Nevertheless, the nacelle
with exposed engine cylindem adds about three times
as much drag as the N.A.C.A. cowled nacelle, and the
hood on the small nacelle adds about twice as much
drag as the N.A.C.A. cowled nacelle. The smooth
body is only slightly better than the N.A.C.A. cowled
nacelle. The loss of lift is not as great as with the
nacelks in the previou9 position except in the case of
the smallnacelle tith exposed engine cylinders. These

small IMc811% expow Oyunm with M@ blacke.t fahing. Small nnx variableangleringsat+.

. Small nadlaj N.AOA hod. NAO.& cowledneaJle.

FIomtE&—Namllmfn IICUItionB.

the variable-angle ring and the small nacelle is about
1)4 times that added by the N.A.C.A. cowled nacelle.
These proportions hold approximately at the other
lower angles of attack. The large loss of lift at high
angles of attack from the nacd.le instillation in this
position is i% be noted, particularly in the case of the
small nacelle with exposed engine cylinders. The
advantage of coding is amply evident.

In figure 13, showing the results for position B,
similar conclusions may be drawn. In this position
the nacelle is partly within the wing so that the drag

results were obtained with fairings surrounding the
side brackets supporting the nacelle.

In f@.re 14 some of the results are shown for the
case with these side brackets completely removed. It
will be noted that the drag added is about 17 percent
greater than when the brackets were in place. This
result is in contrast to that of reference 2, in which the
removal of the side brackets was shown to reduce the
drag. In the case of the thick wing, the brackets were
only a fraction of the wing thickness in depth; whereas
in the present case they were practically as deep as
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the wing and may have constituted a partial f@ing
. of the nacelle into the wing. The nacelle with the

exposed en.@ne cylindem is still poor, particuhdy with
reference to the lift at high angles of attack.

In figure 15, showing the results in position A-l-B,
the small nacelle with the exposed engine cylindem
adds about twice as much drag as the N.A.C.A. cowled
nacelle. The peculiar result with the variable-angle
ring in this instance is to be noted. “The drag, except

N.A.C.A. hood or the variable-angle ring adds nbout
twice as much. This result indicates that its inter-
ference drag must be slightly ‘leas than that of the
N.A.C.A. cowled nacelle, because when tested alone
its drag was slightly greater. (See reference 6.) The
drag with the nacelle located directly ahead of the
wing is considerably leas than that in other locations,
and the result therefore cordirms previous tests indi-
cating this location as the best.

smRnm.c9n%oxpos@ioyandm% faimifntamlm3. Small nwdlej variabl@e rinEwt -S”, fakedIntoWIIIL

SmEUnamlle,NAOA. hmdj &ed intoMu& NAC.A. cmvled nocelh faked MO tin% “

FIaow 9.—Nacelles h PC8MOR A-1-B.

at the very low angles of attack, is considerably higher
ttian that of the nacelle without coding, and a very
large loss of lift occurs at the higher angles of attack.
This result points to some peculiar interference effect
created by this particular ccwl@ At the high
angles of attack the other cowlings seem to be of about
equal merit.

In figure 16, showing the results for position A-2-B,
the small nacelle with exposed engine cylindem adds
about three times as much drqg as the N.A.C.A.
cowled nacelle; the small nacelle with either the

From the diagrams, it appears that ht the higher
angles of attack there is no great advantage of one
cowling over another. An exception is the nacelle
with exposed engine cylinders, which shows very detri-
mental lift effects at the high anglea in all except the
position far below the wing.

An easier comparison of the effect of position can
be obtained from figures 17, 18, and 19. In figure 17,
the results are shown for the small nacelle with exposed
engine cylinders, and in figure 18 the results for the
N.A.C.A. cowled nacelle in the four locations. The
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location directly ahead of the W@ is the best in both
cases at the high-speed angles of attack, and in the
case of the N.A.C.A. cowled nacelle it is only at the
highest angles that it is inferior to locations below t,he
wing. In figure 19, the reauh%of the smooth-body tests
in five positions are shown. The position directly
ahead of the wing is supetior to the others, but the
variation is considerably less than with other types of
cowling. This body is only a hypothetical shape and

tests where only the nacelle and wing wore present.
One of the principal advantages of ti~ prese~t tests,
however, is the opportunity for studying the effects of
the operating propeller. The ..propaller supplies the
thrust necessq to move the airplane through the air,
and a proper determination of the thrust available
under any given conditions for the different nacelh+
propeller-wing combinations is a measure of the rela-
tive merits of the different arrangements. The varia-

sIndlmcallqaxpusdcylinders. Smallnamll~variableangleringsat-~.

SmallnamIle,N.A.C.A.h& N..LCA. cmrladnacak

FmuaE10.-NamllesIn.mtion A-2-B.

could not be used in practice without modiikation, I
but the results indicate that careful shaping of the
body may result in material reduction in drag. Even
though its drag is not particularly low, the fact that
it was of smooth contour seems to have had an appre-
ciable effect in reducing the interference drag.

NET Efficiency

The preceding discussion and conclusions have been
made without considering the propeller. The conclu-
sions are similar to what would result from any model

tion in lift and drag without propeller has just been
extied in detail. When the propeller is operating
further changes occur, and in addition the propeller
is rdbcted by the presence of the nacelle and wing.

In the detailed discussion in reference 1, two factors
are developed which are summed up to give the net
efficiency, a measure of the real merit of any wing-
nacelle-pmpeller combination. These factors are:

(1) The propulshe efficiency, representing the ratio
of the effective thrust power to the motor power.
Effective thrust power is deiined as -the propeller
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thrust minus the increase of drag due to slipstream,
so that the effects of the body on the propeller and the
propeller on the body are accounted for.

(2) The nacelle drag efficiency factor, representing
the fraction of the motor power which is used in over-
coming the drag and interference of the nacelle.

The net efficiency, (1) minus (2), represents the
fraction of the total motor power that is available for
overcoming the drag of the other parts of the airplane

where CDWIdrag coe5cient of the wing at a given angle
of attack.

C~O,drag coefficient of the wing-nacelle com-
bination at the ~ame lift coejicient with
propeller operating w the wing alone, and
the other symbols as previously defined.

PoJMonB. Po3itIonC-3-A.

Position .&-2-B. Podtlon C-3-B.

Plousz u-smooth body In several @iMom

Wh.miveof the nacelle. A high value of net efficiency
indicates a high proprdshe efficiency or low nacelle
drag efficiency factor, or both. In any case, the
higher the value the better the arrangement.

The details of the derivation of these factors are
given in reference 1, and only the resulting formulas
are repeated here.

These formulas may be app~ed to any operating
condition, and if the conditions are tied for all nacelle-
propeller-wing combinations a direct comparison may
be made. Following the method of reference 1, the
factors have been computed for an angle of attnck of
the wing alone of 0° (CL= 0.347) and a propeller
V/nD= 0.65, corresponding to an assumed high-speed
operating condition, and also for an angle of attack of
the wing alone of 5° (C~=O.635) and V/nD= 0.42, cor-
r~ondiug to climb. The high-speed VjnD is the
average value at which the propeller operated at peak
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efficiency in the tests. The climb V/nD is the corre-
sponding average value obtained by assuming a climb-
ing speed equal to 60 percent of the high speed and the
motor power reduced in proportion to the engine speed,
that is, the engine developing constant torque, which is
substantially true for airplane engines. The lift effect
of the propeller is accounted for by adjusting the angle
of attack to give the same lift as the wing alone, as
noted in the definition‘of C@ so that the comparisons
are essentially for the same speed although the actual
speed is undetermined.

The method may be illustrated by the following
example. In figure 20 are plotted the lift and drag
coe5cients for the wing alone and the drag coefficient
for the small nacelle with exposed cylinders on the
wing in position B-l-A. The plotted values are taken
from tables I and II. The lift coefficients with pro-
peller operating at V/nD = 0.65 and at V/nD = 0.42 are
obtained by interpolating between va.lueain table VII
and plotted for several angles of attack.

. .

For the high-speed con@ition (CL= 0.347, V/nD=
0.65) the lift with propeller operating is only slightly
greater than that of the wing alone for this particular
combination. Projecting down from the lift-coefficient
cu~~ at CL= 0.347 to the tiag+tici~t c~~, the
drag coefficient added by the nacelle, taking into
account the lift due to the propeller, is obtained as
indicated on the figure.

The nacelle drag efficiency factor is

N.D.I?. =
C.C–.C* s v 3

2P -()BLY n~

Reading CP from table V Wd substituting the above
values, there results

N.D.F 0“0250=-X z% X (0.65)3 = 0.318. .

Reading q fi-om table VI
Net efficiency = q– N.D.J?.

=0.853—0.318=0.535
as given in table K

For the climbing condition (CLC=0.635, V/nD=
0.42) the lift coefficient with propeller operating is
considerably greater than that of the wing alone.
The drag coefficient chargeable to the nacelle is
reduced accordingly because the same lift can be
obtnined at a lower angle of attack.

The nacelle drag efficiency factor becomes, substi-
tuting OPfrom table V,

N.D.F. =- X& (0.42)3=0.035

The net efficiency= q– N.D.I?.
=0.675–0.035=0.640

m given in table X.

The factors thus derived for the nacelles and cowl-
ings in the different positions are given in tables JX ‘
md X. The valuea given here are based on diilerent
lift coefficients than the corresponding values in
references 1 and 2. It is evident that the factom
wmme different valuea depending on what operating
:onditions are assumed and although there may be
some question as to the possibilities of comparing
the results directly it is felt that no material dis-
xepancies remdt from such a comparison. In order
to be strictly correct, all comparisons should be made
it a constant value of the lift which, in general, means
iifferent values of the lift coefficient because of vmia-
tions in airfoil section and area.

1.4 .28

1.2
Lift coefficient_ !24
Of wing alone;

/ (

/)
I

,

8
1.0[ /v J ) .a

UIIU,J m!!, n I K 1 1 ,
I.er qerding 1,/ /1 I

(C%- CL) = Ll 0250

-~ n 5 10 150

Fmum 20.-AIethod of obtainingnmlle drag nsedIn uompntingrmcdledrag
eflidency fwator.

(Smallnacalbwith erpcesdmgineoyc.lindemin pceitionB-1-A.)

An examination of table IX indicates that the pro-
pulsive efficiency is highest in the high-speed condition
with the nacelle with exposed engine cylinders. The
N.A.C.A. cowled nacelle and the smooth body give
the lowest propulsive efhciencies. These results are
in agreement with those of other tests on propellers
with smooth and with poorly stream-lined bodieq.

The high propulsive efficiency with the uncowled
engine nacelle does not mm high net efficiency,
however. The nacelledrag factor is very high ‘and
the net efficiency is correspondingly reduced. In
ahnost every case, the order of the net efficiencies is
in the inveme order of the drags of the ‘various com-
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bimhons, so that the N.A.C.A. cowled naoelle and
wing combination has the highest net efhiency. There
does not seem to be muoh choice between the various
intermediate cowlings, although they are all bettter
than the unccrwlednacelle arrangement.

b the olimb condition (table X) the differences are,
as expeoted, 1sssmarked. The propdler adds appre-
ciably to the lift, how-ever, owing to the ocmsiderable
vertioal component of throat aud increase of velocity
over the wi.qg. This results in the nacelle drag ef6-
ciency faotor becoming negative in most instances,
indioat~~ that the angle of attack is reduoed sufE-
c.iently below the angle seleoted for the climbing con-
dition to make the net drag less than that of the wing
alone. Because the nacelle drag is a much smaller

“proportion of the totaI drag at the high angk of
attack, the differences in net efficiencies are less
marked although the omvled nacelle still is the best.
The differences, in general, are so slight that the per-
formance of any arrangement in the climbing range
would not be greatly affected by the choice of nacelle
location or cowling.

The conclusion in the preceding section on the d.i.fler-
ence in drag in faver of the nacelle with side bracket
fairing does not seem to hold true when the propeller
effects are considered. There is enough gain in propul-
siveefficiency by removing the sidebrackets to overoome
the greater drag and the oonolusion of reference 2 that
side brackets are detriments remains true. h excep-
tion will be noted in the case of the naceIIe with ex-
posed engine cylinders in the high~eed condition. “

COMPARISON WITH PREVIOUS RESULTS

In the preceding discussion no attempt has been
made to compare the results of these tests with those
of reference 2. The present tests were made for the
specific purpose of comparison, the same naoelles and
cowlings being used in both sets of tests. The purpose
of the tests with different wings is to show whether
the shape and size of the wing has a great imfluenceon
the nacelle drag and interference, and also to indicate,
if possible, general rules for applying the results to
various wings. In the two sets of tests the naoelles
were located with the propellers the same actual dis-
tances’ above, below, and forvvard of the leading edge
of the wing. If the efficiency factors vvith the two
wings are in agreement, it must be concluded that the
relative spacings are not the predominating factor but
that the resultsare determined by the absolute location
of nacelle. propeller, and wing. H the results are not
in agreement, then some other exphmation is required.

In order to compare the resultswithout omitting any
of the faatom, it seems best to ocmsiderthe e%iciency
facto~ obtained with some of the arnmgements
located in the same positions on the two wings. In
the following table these are listed for the N.A.C-A.

1This Isnotstrictlymrrwk (Seefig.&)

CO~E FOR AERONAUTKX3

cowled nacelIe located in four positions on both the
thick wing and the Clark Y wing. The dMerenoes
between the factors in the two cases are also
indioated.

COWARISO~OBEPFICTENCY FACTOES BOR CLARK Y WING AND
THIOK WING TVXTHPEOPELLKIt LOCATED THEI SAMKI ACTUAL
DISTANCESFROM mm LnADrNGEDCJB OF TEE TVINQ IN EAOH
CASM

N.A.O.A. COWLED NAOELLE

I
1’ NamlleInpmitionB-1-AI

~ B:%‘z‘g
Propddve admq ----------------------- am am acu

Net ~dmw -----------------------------

{

h@SiV13 tidmw ---------------------- : ~ ::1 ~ g4
Nacelledraga3Meneyfac&m_________
Net &dmW ---------------------------- .M!2 .640 .0)2

Nmdh h IXSItiOIIA-2-B

I {ROPddVOm---------------------- am ~~ acmNasallrJdrageffldarwyfector---------- .136 -. am
Net efOdenuy_.-.__. .__. -------- .598 .6G9 .020

1 I I I

I Nedle hiredintov@.

It appeara horn an examination of this table that
the net efficiencies are not greatly dii7erentin the two
cases, the maximum variation being 3.8 percent.
There are, however, considerably grater discrepancies
in the propulsive efficiency and nacelle drag efficiency
faotms. In 3 of the 4 cases, the net efficiency is higher
for the Clark Y wing armmgement. The agreement
does not seem to be close enough to establish the fact
that the net e5ciency is purely a function of the actual
distance from nacelle and propdler to tho wing, or that
the net efficiency is independent of the wing section I
used.

There is some indication that the net efficiencies are
more a function of the relative distance between
nacelle, propeller, and wing than of the absolute dis-
tance. By mahg use of the contours in reference 1,
it is possible to select valuea of the efficiency factors
for conditions for the thick wing where the propeller
is located the same relative distance in fractions of the
chord from the leading edge of the wing as it is on the
Clark Y wing of these tests.

h the folIowing table are listed the efficiency fac-
tors for the Clark Y wing, and also for the thick wing
propeller-nacelle combinations with the nacelle and
propeller located the same fractions of the chord
~bove, below, and forward of the wing as in the Clark
r tests.
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COMPARISON OF EFFICmNCY FAmOFtS FOR CLARK Y WING
AND THIOK WING WITH PROPELLER LOCATED mm SAMII
FRACYION OF mm CHORD FROM THD LEADING EDGE OF mm
WINC4 IN EACH CASE

N.A.O.A. 00WLED NAOELLE

J&
‘$t;~fiii (l)-(2)

tesk?- reJkr-
e.nm L

Nwdb on OfarkY wingin pmitfonB-I-AI

Propulsivealidency-_.-... _._ .. ... .. . am a 7E.9 clam
Nemlledrag@fOderregfeotor_...__ ...._ .E5 .OJe .fQa
Net ~den~ .... .. .----------------------- .e.m .wI1 .m

Narelle on ClarkY wfmgIn~t[on B I
Propuldve ~dmw ---------------------- 0.760 0.7m O.an
Nacdh drag ellMomy factor- . . . . . _____ .046 ..wd –. 014
Net tidenm ----------------------------- .714 .603 .021

Naralle on 018rkY wing in pskion A-l-B 1

+

Propoldve @dmoy_ . . . . ---------------- a Z13 0.749 0.044
Nacdh drag omdonoy factm--------- .161 .107 .044
Net @drew . ----------------------------- .S42 .642 . MO I

I I I
Nwalfe on Clerk Y wing in pmit[onA-zB I

Proprrlslveatiw ---------------------- am llg -m 010
Naselledragetlldenoyfactor-.--_ .. .. .. . 13s –. 016
Net eSldonoy-.- . ... ..-_. _________ .@s .R3 .m

1Nade fdrd fnto wfw.

It will be noted from this table that the differences
between the results are less marked, and that only in
the position A-l-B immediately below the wing k the
difference of any factor over 3 percent. The di.tler-
ence in this case is perhaps muuted for by the fact
that in the tests with the thick wing the hood of the
N.A.C.A. cowled nacelle was faired into the leading
edge of the wing, whereas in the tests with the Clark
Y wing the hood was not faired in. The mean differ-
ence in all the factors is 2 percent, and in the net
efficiencies 1 percent.

The agreement of these results lends strength to the
theory that the relative location of the propelle~,
nncelle, and wing is the main factor in determining
the net efficiencies, at least for cowled engine nacelles.
With so many variables operating and considering the
unknown separate effects of small changes in the
nacelle and wing and propeller, the agreement is rather
surprising. It maybe safely said then that, to a fit
approximation, the location of the propeller and the
nacelle with reference to different wings should be
determined in fractions of the wing chord if the ef6-
ciency of the arrangement @ to be estimated from
results of these tests. Wiih a wing of wide chord the
nacelle should then be located a correspondingly
greater actual distanm ahead of the wing for the best
results. By analogy it would seem that if a larger
engine is used the propeller and nacelle should be

moved forward in proportion to the relative sizes of
the engine, enlarging all dimensions of the nacelle in
proportion. These statements are equivaknt to say-
ing that the geometrical proportions of the nacelle
and the wing, both as to size and location of elements,
should be kept the same for comparable results. It
should be stated that this is not conclusively estab-
lished as a fact by the test results, but it is true that
in a few recent airplanes using larger engines it has
been necewuy to place the propeller farther ahead of
the wing than the 25 percent of the chord recommended
as the result of the earlier tests. Besides showing a
lower speed, the nacelle located with the propeller too
close to the wing indicated a considerable loss of lift
at high angles of attick, the possibility of which has
previously been pointed out. (See reference 7.) It
would seem preferable, therefore, to err in the direc-
tion of placing the nacelle too far ahead of the wing
than too close.

There may also be some interest in comparing the
actual drags and interferences obtained with the two
wing arrangements. If this is done it is pointed out
that the vahms of the ccdiicients CL and a= given in
this report should be multiplied by two thirds to give
coefficients that can be compared directly with the
results of references 1 and 2. This is due to the dif-
ference in the wing areas of the Clark Y and the thick
wing. In most instancea, however, designers will
probably wish to compute the actual drag, and if the
residts are computid independen-tly no- cofi-ioi
should arise between the two reports. It is also to :be
noted that the lift and drag coefficients of the -wing
alone are of no value in themselves because the wings
used in the tests do not represent complete airplane
wings.

Finally, it may be said that, despite many minor
deviations, the interference of nacelles is largely a
function of the relative location of wing and nacelle,
and that it is not greatly affected by the cross-sectional
shape of the wing. The N.A.C.A. cowled nacelle lo-
cated directly ahead of the wing is the best arrangement
of an air-cooled engine so far found. With uncowled
engines there is no great advantage of one nacelle lo-
cation over another. The advantige of coding, how-
ever, is so much greater than any advantage resulting
from naoelle locations that it would seem reasonable to
cowl the engine properly before attempting to take
advantage of the additional gains resulting from the
proper location of the nacelle.

CONCLUSIONS
The following general conclusions may be drawn.

Of these, the first five are in agreement with those of
reference 2. The lad two conclusions remdt from a
comparison of the present data with those previously
obtained.
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1. The drag and interfert%ce of nacelles he reduced
by cowling the nacelle. Cowled nacelles located near
the wing, however, should be carefully faired into the
wing rather than supported by struts ordy.

2. The proptive efficiency of propellers on wing-
rmcelle combinations is reduced by adding cowlings to
the nacelle.

3. The net efficiency is greatest for a smooth body
or an N.A.C.A. cowled nacelle.

4. The best location for a tractor propeller and
nacdle is directly ahead of the leading edge of the
wing, the distance being determined by the engine
size (25 percent chord minimum) .

5. The location of the nacelle and the type of cowling
are of importance at high speed but are of relatively
little importance at climbirqgspeeds.

6. The net efficiency of a &c-nacelle-propeller
combination is but little afFectedby the airfoil section
of the wing. Nacelles with propellers located at the
same fractions of the chord from the wing give about
the same results for diflerent wing sections.

7. The advantage of cowling is greater than any
advantage resulting from nacelle location. Air-cooled
engines should be carefully cowled before attempting
to take advantage of the additional gains resulting
from the proper location of the nacelle.

tiCILEY Mmom.m bRONAmcAL LABOR.4TORy,

NATIONAL bwoRY CO~TTEE FOR AERONAUTICS,

LANGLEY F~D, VA., A~”l %0, 193$
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TABLE I
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IWdfe rmftfon B, without tide b+acketa

Ry?ed Undersl-- . uo3a Lam a@a5 o.. ao3& : pm Cm& : y’1 0:~ ami’o :Cx& : ;;IJ o. 1!3’M
N C.A%ocd l__.-:-::::::::::::::: . aus .m .Wc25
Verhblering -P I______________ .0735 .mm .Wio .m .0227 .@ .Wa6 :%’ .Wb

. lalo
.1192 .mm . llm . lbi’o

Nacelle pmitfon O

Sm@h My------------------------- Q Otm aauo aa!w o.Hal o.Otm o.02a3 o.mm a llm o.Olm am 0.0.5s3 U 11OJ o. l$!m

Naedle pMtfon B-1-A faked Me W@

Rysed ~dml_---.----..--...---. O.oxm : g: W& QM& :C& aO#& 0:Ix& a :&s a= a&6 aO&l a ;W& azmfl
x CA Wldl___________ .0230
N.& O.& cowled micelle__________ . Olm .0330 .MW

.2.2m
J& .0170 .03m .m . 13s0

Varfablerhxg-~ 1--------------------- .oml .mal .07m
.0165 .mm .c&a . lm .m

.0253 .cns5 .0770 .lW .lE40 .Wtl .0740 . lW .m

h’adle IXSMOnC4A
—.

1~1
SmmtbWy------------------------- a cum moam O.umo o.lmo o.Ols’s Umm am a 1136 aolm llft270 Ow Q,lm 01770

Nece@ p&tfon A-1-B,fakedintnwing ‘

w&hti,_-_-..__-..--- .02io .03,, .0.555 .,010 .fr203 .c@s .m
.3yIindem1—--------- llmm am am a 1070 O.alm am$l Q(MTJ a IW a w75

VdabIe rfng-p I___________ .am .0340 .oJzM3 .Lllo .02g.s .= .W : fi;g :&#
N. A.C.A. ecmledxmeelle__________ . cals .0273 ..0520 .0%30 .02m .om .am .0&$9

Smmth M --------------------- a 13221
y oy&das 1-.--. -.-- —.——--- .W
N. .C.& hood I_____________ .mm
Vmi8bfe rfng-8” I-------------------- .0303
N&C.A. multi nacelfe---------- . cals

I I I I I I

a m76

%J

. Olm

110# 0:@xc& o. 10IO
.1010

.mm .W .1110

.0-240 .mul .0936

flcr2&
.fmo
. fu4s
.02-56

0. 107U
. lWJ
,1970
. 16%

ItU& Cl;;g slam
. 17W

.0310 . llIXI . 17m
.1126 . 17%0

:@ . lm .1070

XamIle pmitkm MB

Smmtb My------------------------- amao aams o.05s5 a miq aw amm a 0570 0.1W9 o.Olm acmo aamo a ICOO a 1710

WSng alone

I-rrramw $0210 aaza a Ion am aoam ao5m a 1012 0.W6 aom2 awm o.lon al~

1%lall neceh

.



CLARK Y WIN-VARIOUS RADIAL-ENGINE COWTJRWS~CI’013

TABLE III

MOMENT COEFFIC13ZNT WITHOUT PROPELLER

I Angleof auaek

mofnacaua

–P CF P m lff

Nadle &tion B, with dde bmckeb

Smcathkd . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -0.079

mA?$W

-_a g -0.043 ~~ -_a g
— ----------- . ----------------- –. C82 –. 049

–. m –. 049
N.A.O.~ Wwlti-&;--<~;;: ~~~;;;~;;;;;;~~:;

–. m4 –. ml –. ml
–. 071 -.053 -. Ml -. U34 –. 039

NamlIe~tlon B, withouttidebmeko~

Namlle @tIon O

Smmth Wy-.----.-..---- . . . ..------- . . ..---... --l -Q 07SI -Cl 0$SI -C4M I -0.023 I + 016

Nedle @tIon B-1-A+ faked Into wing

Namlle pmitlonG3-A

Smc-3tbMy------------------------------------ I -ml -awl -. Cm/-ml -CLml

Namlle @dtlon A-l-B, &dml into wing

Expuwl qbdml ----------------------------- +07s –o. 076

I

–a 063 ~~ -aW2
N. A.O.A. hcd l--------------------------------- –. C@a –. 078 –. W5 -. W.s
Variable rhg –S’ I-------------------------------- -. 07’s –. OM –. 0s1 -. a5s -.071
N.A.C.A. cowkudWe—--------------------- –. m –. w –. am -. o.% -.69, I I I I

Xadle P@Men A-2-B

8mwtb bod .--.. --...1--------------------------N_L+~yl_._-..-..-.-.... -:. I<g -:. :: <g
Vnl’iabie ring –&T::::::::::::::::::::::::::::::: –. as6 –. 074 –. w ~. –. 03s
N. A.OA. mwled naceUe------------------- –. m -.067 –. 037 -. m

NedIe pmltbn O-3-B

Smmtb my...-.—-:---------------------------–aa% –o.0s3 –am -aOM -am

377

.lLl?m-w-xi



,.

378 REPORT NATIONAL ADVISORY .COMMTM?EE FOR

TABLE IV

THRUST COEFFICIENT

C*=%%?
~No.~f@- set IPeto.76R Angle ofatkick--s”

r

!ryp3ef -

v
Fi5

0.1 I 0.2 I 03
I

0.4
I

0.s
I

0.6
I

0.7 0.s
I

0.9 Lo

I Nrxdle@t[on B, wtth cddebrackets
“1

Smmth W . . . . . . . . . . . . . . . . . . . . . . . . . ..- M& 0.077s aom amm acm a0m5 aom
73xp@.@

‘%!3d
den 1---------------------- .ml

Q;3 -: W& -_l pr27
.0761 .OEa .(W34 .0!67 . a337

NA.C.A. -------------------------- .C@32 .m .0749 .M7 .0.%7 .04YJ
N.A.O.A. mwlul namUe____________ .assl .mll

. am
.0743 . awl .W0s4

.0154
.04s2

-. a313 -. 01E3
.m19 .Olw -. ml -. Olw

1

Nawlle pcdtion B, wltbcat side brmkets

Eqmwl linden I--------------------- ac4ta3
Nd.OA&l ------------------------- .0W2 :% ;$ :~ %J ‘% a= ?!% %& -.%J
Veliable ring -r 1---------------------- .QMm .cMQ .Wa . oa12

Nacelle &tiOUO

8mmth *---------------------------- &am ao72s am aw a 0s31 a c412 a 0276 aom -am52 -a 0245

Nacelle@tIon B-l-A, tab-al into wSng

Exysed @ndem I-------------- --------
N .O.A. hmd 1------------------------ Ill

aom aw aw acnm amm
.ml .c@m .07m

a cmo
.0711

a a376 o.m (lWbs -: l))g
.Will

NA.OA. IXIwlednuaUe------------ .aW
.OKQ .0380 .0212 .m

VarIeble ring -W I-------------------- . E131
.070a .m

:%%
.0462 .0.?2$

:%! .0710
.W.5 -.0102

.mll .0497 ,0304 :%’ .m -. Olm

Nasalle &tIon C-3-A

Smmth My---------------------------- aas33 a-mm aom am a 0s37 a 0414 auzm. a 0125 -a wz6 -0.0210

Nacelle ~tkm A-1-B, W Into wing

Ew Undeml..-
N C.A%od 1----.-::::::::::::::::::: ‘%% %% :E %% %%

a 04rn amm o.oW o.UW7 -_: ~

Vari8ble ring -W 1—-------------------- .a%o
.OMl .a320

.as17
.OE% .M140

NJL.OA. mWkdnac&%___.._-..._ .W
.0761 .W .oJlm .0451 .m

.u314 .0747 .a?J3! .W35 .04ss .0329
.Olwl .m -.0130
.ols5 .IxR6 -.0126

I Nacelle pcuitionA-%B I

Smooth WI --------------------------- au3& a u331 aoms U@& aCW& a~ accm
y &w,.. . . . . . . . . . . . :W& :0# w m ;M& Al& QWJ -%J -M&
N. .OA%od 1------------------------- .G%7
variable ring –w 1---------------------- .Wt3 .@49 .07%7 .m
NA.O& mwled naMle ___________ .W72 .m23

.0301 .04m .(844 .010.5
.0767 .CB72 .M70 .(?451 .a312

-.0144
.0165 -: %2 -. Olw

NmeJlapcdtion C-3-B

SmoothMY---------------------------aaw aaw ao733 a 0345 Clama a oas o.027s a 0130 -a mo -a 0196

lsmaum?dla-

.



CL4RK Y WING-VARIOUS RADIAL-ENGINE COWTJNGS~CTOR

TABLE IV—Chtinued

THRUST COEFFICIENT

(IT–(;-#

Propelfer No. 4412-4 fe&. Set 17 at 0.76R. Angle of attaok-@

PROPELLER 379

v

Typa of nacdfe
CD

al 0.2 0.3 0.4 Q6 a6 0.7 0.8 0.9 LO I
Namlle poaitfon B, with side bmokets I

~m#M&~&-ij~~::~::~IJ~II~~:l~::: :&g :~ f%; :% f%J f!g :% %J -yg$ -:-.
N Odmod I. . . . . . . . . . . . . . . . . . . . . .
N.A.O.A. mwlad mmlfe.....-.... . . . . . . .@m .a304 .0740 .W.m .@m2 .0447 .CQlo .0152 -: E –. 0291

NamJle fndtlon B, wftboutside bmckats

Epo Undeml.. 0.MW3 aw 0.0782
N. .O.A.iwd 1.....:::::::::::::::::::: .W

a 0711 0.M13 O.awl 0.0372 0.0225 am
. m47 .07s1 .m .a595 .0477

–_: :;:

Varfable ring-w 1----------------------- .0307 .m69 .07s3 .0704 . @sol .04s4
.0192 .W23

:% .friw .W39 –. 0140

NomUa pmitfon C I

Smwth body. -..-- . . ..-. -.- . . . . . ..l iLCEW I 0.07M I CL0714I (LWO I flOW \ II C4045I U0267 I aO105 I-O.C03S I –a@61 I

Namlle pmftfon B-l-A, faked fnto wfng
I

gy&’yq&!$y----------------------agg :~ :~ := o.c@’~ :&g rLo& fLcrJl# Cm& _::i%.
--------------------.-

N.A.O.A.cowled namUe-------------- .W5 .W2 IO& .m :% .fwo
Variable ring-p I_... . . . . . . . . . . . . . . . . . . . .W .W7 .m .0ss0

.0196 So&
:8!% .am

–. 0145
.01$5 –. 0105

Nacelle pmltion G2-A

Smcath My---------------------------- a W I ,07s7 ao722 awlo p+oq 0.0273 I aolm p040 I -0.02121

NmaUe pmftion A-l-B, Mrwl into wfng

ExylwdoUnderai. o.@32 o.m40 am
N .O.A. }md 1--..::::::::::::::::::::: .@fa .U3m .07eJl
Vmlable ring-8” I--- . . . .._. -- . . . . . . ----- .@@ .m .07m
N.A.O.A. mwled nacdle- . . . . . . . . . . . . . . . .W’o .asal .0700

I
Smwtb bod O.fma
E-o lh-i:Jll:l:lllll:J1:llll:l .m

iN. A.O.A. wd 1..- . . . . . . . --------------- .W4
Variable rhu-8” 1----------------------- .m
N.A.O.A. mwkd nacelle . . . . . . . . . . . . . .W3

am a 0501 a yg afwa 0.0223
.m . assl .mo .0194
.M7s .assl .OfeJ .W .0204
.0576 .W.o .OK1 .m7 .m

Nacelle pmttion A-2-B

a ml
.a344
.m17
.m53
.Uzc22

a 076m

.0751

.076Q

.oma

:@Z&l 0.0576
.W14

.M70 ;=

.0710

.W72 .0571

a 04fd
.Cwn
.046s
.C409
.0457 To.m14 i 0157

.mm .0215

.0329 . Olea
mea A&
.m

a ml -0.0370
,W45 -.0112

-. Cu36
:%% –. W90

i

.:&o

.U!36

.m

.mzz

-a 0181
–. mOo
–. 0149
-. ola5
–. 0161

Nadh PCSItfonG&B I
SmoothMy .....-.-.....-------.-...-.-lawn I 0.0s02I aom \ am47 I a% \ ao425 I aomu \ aoq l–aw40 I -acdzo I

1Snmu namua.



380 REPORT NATIONAL ADTISORY COM&UTTEE FOR AERONAUTICS

TABLE IV-Continued

THRUST COEFFICIENT

PrOIMUEXNo. ~ feet. Set 1P at0.76R. An@ of sttack=~

v
nii

I
‘1’yp30fn8mne_-.. --_. —————— 0.1 6.2 0.8 6.4 fL5 0.6 a7 0.8 &8 LO

Nedle @tfenB, with sfdabmckets

8mwtb M --.. --.--. -.-. -.;--------- am~_2~$y::=------------------ s@&

N.iO.L COW]Ci-A::::::::: .@?.4

0.0757
.mn
.C@m
.07%4

aw30 0.MU4
.0741 .WO1
.67W .W4s
.0719 .GW

NamUe @tion B, without side brackets

Er&&d oyfindera I. --- —--. -.. .---—-.. am
N O.A. huxl 1---------------------- .UR3
Vmieble ring -v L-------------------- .W

L
-am -0.0166

.0m4 –. 0146

. mlo -.0172
,–. ml –. 02)1

Mm ‘%‘r ‘:%
acml o-ml am aasw awm
.m40 . OZ’4 SK&l .W .6467
.WJ1 .0781 .c&02

NmeJIo@tIon O

Smcdt) holy ---------------------- acwa a 6z31 aorcs awia a 0518 aw aom a 0110 -a w -a 0265

Nudle @tIon E-l-A, fefmi IntoW*

Smooth bay--. --.-. -–.-. -.----–—-- aam aoma amm aa340 aosm aw a 0276 a OH42 -a f0344 -o. m

NamJle pmition A-l-B, fafmd Into fig

E~oyUndmW_— .-. -.--- .-. ——-. acdm aa340 aoma aoccm am am afm ama af030
N O.A. hood 1---------------------- .W

-a @376
. a317 . 07s0 .0570

Vmieble I@? –P 1-------------------- .a370 .m .0760 %? .osm
-. w

%% :% :% :%%
N.A.OA. wwkd namHe _________ .0370 .I@5 .0760 . U3sl .Ws5

–. W41
.0470 .W78 –. m

Nacelle @tIon A-2-B
—

Smmth bad -Z-.7 ------------------- aa370 := a 075s a 0376 a 0576 ao457 aw
.cW2

a 0196 am –o. W2
.0764 S& .W .M?3 .0289

=A%&&~-.~_.-----.-.-.
---—.-.-----.-..--—

.&?& . 6S16 . 07s2
.0242 .Olm -. fW4

—----- . 0.?16
Vruiable ring –P 1-------------------- X@& . W5 Sl?& :% :s

.ml –. m70
:%

N.A.O.& 93WkdnBCSlI13__________.U3zl
:% .ola5 -.0121

.W72 .0460 .m :%% .(034 –. fKfM

Nacdle fX&fOll0+13

SmeothW-------------------------aa352 aowa a 0731 aw acwo 0.6423 ao293 a 0M6 -a ~ -a 0170

1small m3mu&

,.



CLARK Y WING-VARIOUSR4DL4L-ENCHNE COWI.JNGS~CI’OR

TABLE IV4ntinu&

THRUST COEFFICIENT

~T=(T–AD)
P?PD

Pr’e@fer No. 441Z-4 feet. Eat 1P at 0.75R. Angle of attack-lW

PROPELLER 381

I v

TYPO of Nadfe
nD

0.1 al a3 f14 0.5 0.6 fL7 0.8 a9 LO

NamJle pmitfon B, wfth side brackets

Smooth twd . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0787 ag ‘ IlW4
Eq&wd oy~dem I

0.0678
.M36

0.0478 aw !l.0244
.07m .Wafl

a o115 –a ml -_a :;~
.--. --. . . . . . . . . . . . . . -

N C.A. hmd 1------------------------- .M2a
. W40 X& .m

.Ono .M%8 .Mo7 .o@5
.0173 . f@15

N.A.C.A. mwled namlle____..._... .m21 .Ono . 07fm .cs14
.M76

. M13
.0152

.Otol
. W1O

.M74 .0136
–. Ol!lf

–. fms –. 0173

Nacalfe pdtlon B, Mthout dde brackets

EF Mndersl... O.@ am
N. .C.A%ocd 1-...-.::::::::::::::::::: .m

o.07bs am a 0s77 o.04m O.MM
. c@13 .m .fn3411 .fL545

o.m19 o.W7 -fl M76

Varfable rfng -P I_... -... ---, ---------- .M73 .@14
.M30

.0742 .086s .0657 .W
.0173 .Mz8 –. 0127

:%% .0197 .mm –. mm

Nacelle fmdtlon C

8mootb body . . .._ . . .._-__ -..__ . O.aw) a 0749 am78 IL0691 O.w o.mm O.MM O.mao -aQM5 –a 0234

Namll;pmftfen B-l-A, faked MO wfng

E_~W1.-.........---- o.~ awn 0.0766 0.0578 CUM& .04w ~~ ~o,~ ~z _&o*
N.A.U.A. md 1------------------------- .a?sz .mm .flmfl .M40
N. A. O. A. mwlad namIfo__________ .M&3 .07s3 .@R7 .a?a6

.Olm
:H%

–. Oml

Variable rfng -8” I---------------------- . mm .07m :%% .M40 .M43 .W
.ma7 .0157 .W1O
.W8

–. 0161
.0189 .M60 -. U&b

Nacalfe pcaftfon C-?-A

Smmti My ... . ------------------------- am 0.0775 0.0711 am am aolfa am a 0117 –. m46 –O. 0Z18

Nacdle pedtion A-l-B, faked fntn wfng

Er oyllndem 1.. . . . ---------------- . a @376 aa32.5 am 0.0$77 Ra5gfl o.-
N .C.A. hmd 1------------------------- .MEa .m .0740 .@MS .M82 .0453 I

0.0348 aozm acca -a MM

Varfable rfng -P 1... _.._ -__. . . . . . .a366 .0746
. OWl .M46 –. M40

N.A.C.A. cnwkxfnamJfe-._---___ . . . . .mm :H .0740
.ml W& .0377

:E .05m
:M .0162

. M47 .0z9 .OIM –: l%!

Nacelle pwdtfon A-2-B

Smooth M . . . . . . ---------------------- aw \@&

@
Eqmmd o nden 1---------------------- .M7u

a gg amao aow afu67 am am am
.M.s6

–amm

N.A.C.A. md I------------------------- .Mu4
.0484

.M60
.0351

:%%
.Olc-t –. am3

Variable rfng -W 1----------------------- .M8s :%%
.0462

:%% .ml
. M40 :%’ .m@6 –. m37

N.A.C.A.mwlad nacalfe___________ .IWu .a317 .0738 .M64
.0495 .a!az .0a?3

:Ml .0448 .Ma2
.0140 . Q315

.m13 .W12 –. m

Nadfa pmftfon C-3-B

8mcmtbb@iy . . . . ..____ .__. . . . . amm aagm aon.s O.w a~ am am i aol~ am -aow5

1SmBflnaceWe.
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REPOET. ADVISORY COMMTIZ’EE FOR

TABLE V ,

POWER COEFFICIENT

Cp=%m
PmP8Uer No. 4412-4 fcx%. Set 1P at 0.76R. AI@ ofnttnek--ES

v

m
‘Pyp2 of nedle

0.1 a2 “ aa 0.4 a5 0.6 0.7 0.8 0.9 LO

Namfle poaitfcmB, wftb sfde bmokets I
Smooth boil -------------------------- ao.lo7 :~ Q.04m o.om3 0.0370 am acc3s4
E~ &dm%L..-

a 010.5

r

:% . . . . . . ..-

N .O.A%od I..-::::::::::::::::::::: :%
.O-t41 .04!m .0399 .m65 .02ao .am . . . . . . . . .

N. A.C.A. .mwM na@f~_________ .0450 :% :&$! :% :E
.W5 . . . . . . ..-

:%% :% :E .Olw . . . . . . ..-

Nadle pskfon B, wftbont dde brackets

Exx&M Ilndersi--. 0,0443 O.w Q.C!433 .WKn o.a397 O.ow
N C&&ood 1.--.-.;::::::;:::;::::::: .04M .0431 .0426

a a311 o.ml o.012M . . . . . . . . .

V*bIefig-&I ----------------------- .04m .0437 .0430
.0413 Jm&l .m .Is3m . me .0110 . . . . . . . . .
.M17 .03bs .03w .Ozm .0115 . . . . . . . . .

Ne.dle pmftfen C I

Smmti My-------------------------- 0.0397 o.03a7 O.om II C3-76 O.aw o. mlo ao24s o.01s3 O.m . . . . . . ..-

Nacelle@tIon B-l-A, fnkwf fnto fig I

EXPCSKI0ylbldw9 I--------------------- a.w ao442 CM-& Qo.i.2n am
N.&O& hmd l----------------------- .0461 .0449

0.ml am flClz& : :~lz
IOU& .04m

. . . . . . . . .

N. A.OA. mwlwl nacalfe----------- .04Y1 .0i47 .W3
.Cc.el ;~ .........

.0399 .me.i .@X1
vtih*#l ---------------------- .Ot.50 .0453 .0i46 .042s owl .ow .a304 .0228

; ;3 . . . . . . . . .
. . . . . . . . .

NeceJleIwJtfen O-3-A

Smwtim ---------------------------- o.0407 O.WM a+ Io.mlmmaam a 0249 a Olm a a151 . . . . . . . . .

Nacalle rmftfon A-l-B, W fnte wfcg
I

‘%agaz-x!E_a!N!!E-Ew oylhdam 1---------------------- 0.0436 aw o.W30
N. ACM. hcmd1------------------------ .0L2zl
Variable rfng –Vt_...__.__..-- . . . .0429 %!
NA.C.A COWM nnmfle_-.--_..-– .OxaI .0!22

=

Smmthbcd -... -i---------------------- ao&

N OAhl-.-:----..-: -------------
Veciablexlng –WI-----------------------

Namlfe pmftfon A-2-B

0.0339
.fIm
.W
.am
.0348

Smmti My-------------------------- 0.0416 & 0116 ao#a O_w O.cc-%s o.mm a 0251 0.0M4 o.WI . .._.-.. I#t8md.fIl&2ane.



CLAEK Y RADL4L-ENGR’J33 COWLINGS~CI’OR

TABLE V+n$inued

POWER COEFFICIENT

PrePWW No. 44124 ht. Set 1P at 0.75R. AI@ 0[atteck-~

PROP13LLDR 383

s
Typ3 of nocdle

0.1 0.2 03 0.4 0.s 0.6 0.7 0s 0.9
r

1.0

Nacelle pusitlonB, with aide bmokels

flmcoth bod . . . . . . . . . . . . . . . . . . . . . . . . . . . . a 0415 .1Erfsed&demL . . ... .. .. .. .. .. .. A#; a% :% %# :~ %J := %J :% ::::;:;;
N. .C.A%cd 1. . . . . . . . . . . . . . . . . . . . . . . . .
N. A.C.A. cowled nwelle . . . . . . . . . . . ----- .lwa .0449 .o+l .04zs .U17 .W .02m .C#z - ..CQJ5 __-::

NawJle @tIonB, without side bmeketa

Em llnden l. . . . . . . . . . . . . . . . . . . . ao146 M& 0.0489 0.M2Z3 aoto.i O.ax?a
TN. A.C.A. wd 1. . . . . . . . . . . . . . . . . . . . . . . .0490

: ~31&
.0423 .Otis

a 0231 II ol?3 . . . . . . ..-

Variable ting-~ 1-.-. . . . . . . . . . . . . . . . . .04sa .Mss .0423 .0i14 :%
.0318 . OIM ------..-

:E .ow) .0218 .0110 . . . . . . ..-

Nwalle @tIon O

8mwth My---------------------------- aw ao404 a a397 o,0ss1 o.WI am am 0.0144 0.m15 .-----..-

Namlle @tIon B-l-A, faked into wing

Em Ilndets 1---------------------- aw aw &w
N.A.O.A%MM 1..-- . . . . . . . . . . . . . . . . . . .oL91

a Oizl &am Cl@so am O.m
.0447 .0440

g 0119 --..--.--

N.A.C.A cowled 118wW.......... . . . ..- .0454 .Ml .0443
.(R%J .Uaa5 .aw .m

:% .04M .@33 .W!3 .Ozzl
.0110 . . . . . . ..-

Vtible ring-8° 1. . . ..-.. ---------- .M53 .Otsa .044!a .W .a3%a .mal .lxas .oal
.0114 ... .. ..–
.0111 ... .. ...-

Nacelk pzdtlonC-S-A

Smwth WY--: ------------------------- a 0416 a 0417 O.w O.ow 0.0384 0.a310 0.0261 a 0161I O.mm--.-.-..-
Nwalle @tIon A-l-B, MWl MO wing

E-d lindem I... . . . . . . . . . . . . . . . . . U-1& O.w O.Otm
N.A,O.A%wd 1... -_ . . . . . . ..-.. .--...

a Mm am a@9m am 0.0224 0.o13s
.04$1 .0424

Vruiable ring-8” 1------------------- .04M .0423
.0410 .W .aMt .03m .Ozu .0123 ..!.!’!?-

.0411
N.A.O.A. cowled Nash. . . ---------- .Otm .Wn

. C!410 .am .mEil .IS29’a .Ozm . 0E27 ..-:=.
.0418 .0410 .m . ml cam .Ozm .Olm

Nwalle pwttionA->B

8mo.3tbhod . . . . . . . . . . . . . . . . . . . . . . . . . . . . 0.0437 aw o.042a
LExxsed 01 ders1... -... -. . . . . . . ------- .OKa .oW

o.O-tll O.(E34 &w aW84 o.0W9 am . . . . . . ..-
.0H3 .04m .a195

N.A.O.A.%d I..- . . . . . . . . . . . . . . . . . . . . .0440 .0444 .o-tW
.mm .Gz21

:E

1

.Olzl .-.-----

Vmiable ring-S” I. . . . . . . . . . . . . . . . . . . .
.Ou’d II&t

. c447 .0447 .C441 .W
.0217 .O11o --------

.W
N. A.O.A. umled n$+mlle ------------- .044s .Qt4a .043s

:%% .023 .0131 -.... –.-
.0i19 .a?#3 .02$9 .02xl .CQM .O11o . ..-... -

Nawlle ~t[on O-&B I
Smoothmy---------------------------0.MU3

I
o.O’m O.otlo a0w7 0.0373 O.m am IaOln am -.-.--—

1 Sm!au Uawue.
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TABLE V—Continued

POWER COEFFICIENT

cp=-&

Pre@kr No.~ feat. Set 1P at 0.75R. Angled a~”

v
iii

‘Iyp of nemne

al 6.2 0-3 I &4 as I 0.6 6.7 0.8
I

0.9 LO

N$.melleIXLSItfanB, wfth tide Inn&eta

8mmth bod --------------------------- ‘ O.w o.0415 aMo7 aazm am a= : -~

I

Ex&s@i &dml-.-.---------------.- IO& j4# Jl& W& m := aO& ‘;~ :;:::::::
N OJ%d I----------------------- :%
N&CLmwM&e.--.---------–-- .0461 .04m .6442 .6427 .m .m

. . . . . .
.0225 . Olm .. . . . . . . .

Nmelle pudtfon B, wftbcmt sfde ~

dem I---------------------- ao444 ao444 awm a6427 ao404 := : ~o ao232 a 0122 . . . . . . . . .
Wl%hd ‘------------:::::::::::: .64W .6s9 W& & -la% .0216
Vmiable rfng –W 1 .6146 .W

I

.0111 . . . . . . . . .
.0402 .m .ml .0217 .Olc@ . . . . . . . . .

Nacelle pmition O

Bmlmtbbody__________________ a 6u5 a 6411 aom acdm am.m aa32z ao254 0.0166 am . . . . . . . . .

Nfmlle pmitfon B-l-A, fehed fnto wfng

Rx&do Undoi-61-- a 6tm aw ao427 arm a ISM7 am
N O..Liwd I--.–.::::::::::::::::::: ‘%+ .646 .OMo .luu a3& m&

aw219 0.0110 . . . . . . . . .
. 0!416

NA.C.A. cowlti namlle___________ .0446
.0110 . . . . . . . . .

.M40 .Mz7 :%
:% .0s9 .0423 .a3W .aMo .m

.0219
Vmi8ble tig –W I--------------------- .W&l

.0110 . . . . . . ..-
.0217 . ola5 . . . . . . . . .

Nmalle ~tfen C-3-A

Smmth My ----------------- aom ao4m I am3 a~ aam aax3 ao25s ao165 amw .. . . . . . . .

Nemlfe @tfon A-l-B, faked fnto wfng

Exx&%I lfnderel-
N O.A%xd l-----:::::::::::::::::= :E

ag a6427 a 6416 a am amw afco5 aoz9 a 0140 am
.W .0418 .03W .aW1 .m .ml

Varfable ring –p L__–---__--– .64M .0!23
.012J3 .C#I

.0415 .6W4 .Lm-91 .mlo
NAOA mwled nesaUe------------ .04m :M .0421 .Mll .0332 .m .C#J

.0140
:1% .0146 :%!!

NacelIo PwMon A-2-B

Smmth M ---. --.- . . ..-.–.-–...--.– ao442 aw aw
yodd~ l------------------- W& W& M& ‘%J :% o;~ ;g, :~ o;% ---ftij

N O.& hmxl I------------
Varfable rfng –p I.._. ----------------- .6!4s .044s .042s .6t02 .a3@3 .@m .0244
N_LO& mwhai uesalle ----------- .6442 .6443 :E .0426 .01a3 .03a9

.0162 .c036
.am .0240 .0142 .W18

NaraJle@tion C-2-B

Smth w-------------------------- aou2 awm a 0419 acw aa977 amzs scam a OWQ o.CQ71 .. . . . . . . .

1small nmdh?.
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TABLE V.—ContInu&l

POWER COEFFICIENT

Cp+

PIO@h3r No.4412-4 faat. Sat 1P at 0.76R AnsIe of sttaok-lr

mm of -
%

0.1 0.2 a3 0.4 0.5 0.6 a7 0.8 0.9 LO

N8calle ~tfon B, wfth dde brackab

Bmmtb bcd . . . . . . . . . . . . . . . . . . . . . . . . . . . o.M17
ExPw&I &dem 1---------------------- .0451

a& O.w a.03&3 0.W89 ao3al 0.02s7 a 0173 fl13& . . . . . . . . .

N.A.O.A%M 1-------------------------
.M?52 .0i34 .OfOf

. M47 .04m
.0391

.0431 .0403
.0230 --- —.-.

N.A.O.A. mwled mcalfe...___.-___-. .Mfa .04s2 :8!24 .0427 .04!m
:= .Eica

:%i! .02W .fm2
.m25
.Ouo

--------
---__.-

NacaJlePxMon B, wfthont tide bmcdmta

g=A~~l.-............ := ~~ “’~ :g :% :~ :08{ :@& 0.0141 . ..-

Vkbie iing -8~-i::::::; ;:::;:::;:::::: .0448 .044s :% .0427 .0f04 .02$3
.0127 . . . . . . ..-

.0310 .oma . 01% .---. --–

Nacelle pmftlon O

8mmtb body . . . . . . . . . . . . . . . . . . . . . . . . . . . . o.04@s o.OUo ao%5 am &mea O.c#l ao248 a 0149 & W18 –--.–--

Nacallo pmftlon B-1-A, fafmd fnto wfng

ESPLWW3oyllndera1---------------------- aOt65 0.0453 llo4m O.w a MO am
N.A.O.& hood I------------------------- .fu40 .M4!J .0442 .W .W

a 0314 a~ 0.0125 ------..-

N.A.O.A. mwled nacdlO____________ .0f42 .0447
.02JN .0107 ----._.-

Variable rfng –W I-------------------- .0144 .0449
.0431 .m := .0m8

:%
.0112 -------

.8481 .Mo7 .03@J .f#3 :E .01L5 ---------

NamUe &tfon C-3-A

8ma3tb My---------------------------- 0.0427 11o422 0.M2 am o.a307 0.0319 fllx!xl o.Olm O.w –---.--

Namlle PCSMM.IA-l-B, fafrad into wfng

Ep OYMW I---------------------- ‘~ ‘~ ag :% := a= U&& :M& O::;% :~
N OA. htil ------------------------- .0i34
Vmfable rfng –8° l---------------------- .04m :E .Mm
N.A.O.A. mWh3dnncalb3. . . . . _______ .04m

.mm J& .O!am●:E .m
.0170

.0421 .fu20 . CUM
.m

.0236 .0176 .m

NamIlo pmftion A-2-B

8mc@himd ---------------------------- 0.0440 &w
EXWSM cy&ders 1---------------------- .0442 .0442

a 04?3 &w aofm am o.m24 0.0255 a ;l& --------
.0439

N. A.O.A. hmd 1------------------------- .0452 .cMM
.0fU3 .0277

:R
.oam

.0t16 %% .-
am

Varf8ble rfng –W 1---------------------- .0440 .W :% .0429 :%% .W ;Wz&
.0EJ3

.C-flo
.W

N.A,O.A. cowled nacfdle___.._ . . .._- .0443 .0441 .0427 .0424
.Olw

.C401 .W .m .0170 :E

NawJla pcuftfon G3-B

8mMb My--------------------------- 0.0411 a 0417 & 0417 ao40J a ml% ao332 O.m a Olm am ---.-..--

385
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TABLE VI

PROPULSIVE EFFICIENCY

~“wv

AERONAUTICS

Pm@Im No. 4tE-4 f&L ~ 17 at 0.75R. Ax@ of etteak- –6°

I v
~D

Type of @e

0.1
I

0.2 03
I

0.4 0.6 0.6 0.7 0.s 0.9 1.0

Nadfe @tfon B, wftb side bmakets

Smmthbod --------------------------- am am :Sg 0.040 am
Ex&d &w,------------------- J& X5& -m ;~ :g :: ‘g :: ::-&-ix-- .........

.........
N C.A%cd 1-----------------------
N.A.OA. cowled nadle ----------- .lw

. . . . . . . . . . . . . . . . .
.&m .4m .02n .7f7 .772 .m .eu .---------.........

Nadfe @tfon B, wftbont sfde”bmokets

& 1----------------------:= .* -w .ma395 am am a784 asa am y% am .........%&&?/bd 1-------------------------
Variable fig –P 1---------------------- .2M .3X3

. 77% A& :% .240 .. . . . . . . .
.649 .076 .707 . nl .291 --------

Nacelle padtfm C

Smwtb My---------------------------- a 2U a3a7 aw am a 761 am a78a am . . . . . . . ..- . . . . . . . . .

Nacelle PMMon B-l-A, faked MO wfn.s

Esz&I lind. 1-
N .O.A%ml l---.::::::::::::::=::::

[

am asaz asss 0.092 aza
.197 .2s0 .s33 .M7

: S& M&l 0.795 a 436 . . . . . . . . .
.764

NA.CA. cowled namJfL.--_2...__- .m .m
.742 .417 . . . . . . . . .

Vmiable rbg –V L____________ .l!w
.b?a .6%5 .m

.376
.4@l . . . . . . . . .

..532 .m
-7a I ‘g ‘= ‘;E M’ ‘-”------

NamUe fxdfon O-S-A

8m00th My-----. -.–--.---.-.–.–--– am4 a3s3 afas 0.M4 a 742 ama 0.774 &026 . . . . . . . . . . . . . . . . ..-

Nmmlle fhuftfon A-l-B, kdmd MO wfng

‘z a~ a~ ~~~ ~;g

EI&Od .~lln&rs l_--.._.-–-..-.. O:JOJ ~% !E
N O.A. & 1-----------------------
Vuf8b1e ring –8° 1----— ---------------- .W3
N.A.C.A. cowled Ilasaue.----.-..-–––– ,m .%

NaceUe rxeftfon A-2-B

Smdh Ml --.-----–’ ----------------IL a.ml am abso am
13~d CY da% 1--------------------- .m ;% ;% .W!7

: ;4J a7s7 :~ o.m . . . . . . . . . . . . . . . . . . .
.817

NA.O& hwd 1------------------------- .190
.770 .$77 . . . . . . . . .

Vruf8bIeriug –SO 8--------------------- . all
.777 .772 .000 . KMl . . . . . . . . .

N.A.C.A. mwled mcalfe ----------------
.3s3 ;% :$ :%? .811

.197 .372 .731
. . . . . . . . .

.777 % :%! ..X!.. . . . . . . ..-

Nacdle fxuitlon O-S-B

8mwtb hti---------------------------- amd o.am am aom ana ans a nb 0.63.4 . . . . . . . . . . . . . . . . . . .

1Smeunacdk



CL&RK Y WING-VARIOUS RADIAL-ENGINE COWLINGS~CTOR

TABLE V1-Contiinued

PROPULSIVE EFFICIENCY

F’mP811eINo. 4412-4 fmL ‘et IT at 0.76R. An@ of nttaek-~

PROP?MLLER

m of nfldle

Tu I asI 04I 05t’ I a’.108I 0’I 10
Nmlle pcdtlonB, with dde breckeb

NamJle pmftlonO

8mmth My--. -.- . . . . . . ..--. -- . . . . . . ..- am 0.247 0.640
I

0.1391I 0.748 0.?35 a786 0.523 --------- -.--.-.–

Nacelle paklon C-3-A

flmootb My---------------------------- am 0.377 am a832
I

o.7?4 0.776
I I

a 761 am . . . . . . . . . .-.–---

NaceIle pmitien A-l-B, M@ fnto wing

Exjpd Und.1

~

N .O&%M1--.~:=::::::: ~:::::::::. !%
:g :&6 am 0.770 as2a a340 a7m

.536
a 640 . .. .. ... .

.74a .7Z3 .770 .0f4
Vmi8ble ring -8” 1--------------------- : ~ ~g ;~ .m

.317 . . . . . . ..-
.746 .706 .796 .740

N. A. O..&.cowled namlle..-..--- . . . .e@
.440 . . . . . . ..-

.762 .787 .Ta3 .728 .42s . . . . . . . . .

Nacelle &tIon A-%B

/

Smooth bed . . . . . . . . . . . . . . . . . . . . . . . . . . . .

‘% a~ a~ ~~~ a~

Ex&M &dml-- . . . . . . . . . ..-.. -.-... ;% *%J
N .O.A%ed 1..-. -... -----------------
Variablaring-~ l_.. -.._ .. . ... .. .. . .2)1
N.A.O.A. cowlednemlle... .. .. . ... .. ... .107

Nacda pzdtion C-3-B

8mtmthbtiy --------------------------
i

q 210 a3s9 amo 0.M2
I

0.724 a772 a 763 a w ----.–– ....-----

1small nacelfe.
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TABLE VI-Continued

PROPULSIVE EFFICIENCY

~=(T–AD)V
P

PrcwUarNe.4412-4fee&’ Set 17 at 0.76R Angle of atte.ek-P

ii%
mefnaceue

0.1 02 0.3
I

0.4 0.6 0.6
I

0.7 0.8 049 ‘ LO

Nwxdle pcditfon B, wftb KIdebmckata

Smwth ___EIpcd%%LdmL-.-zz::::::::; ‘1;%?% % :E %!W:$am llFz8 0.728
.617 .7M

N.A.OA. hod L--------------------- .191 .3s7 .493 .m .m
N.A.O.A. mwfed mmaM&_.._.___..- .185 .348 .457 .s90 .677 .7% .m . . .- . . . . . . . . . . .

)

I I?asdlePIMMOUB, without dde bmcketa I
WASyl-----_-.-.....-. y% ?% \g := :,$ :~ M& :~ LL47q ---------

------ . . -. -—-----------
Vertable rimz -S I____________ .2T2 .2$2 .E34 .ow .739 .78a

--------
.701 .735 .m . . . . . . . . .

I Nac=aUepcdtfonO I
SmlmthW_._. ------------------ am

I
a 3s1

I
0.627 0.638

I
a n3

I
o.741 0.7Z3

I
0.649 . . . . . . . . . . . . . . . . . . .

I NamIlePMMOU B-l-A, fefml fnto wfng
I

y~dmr-.-_--..-_---..---:;& :% :% :~ :% :;: :% fL~ :;g.........
N OA ecd I______________
N.LOA. COWMnmeIle__________ .197 .517 .&m .711 .749 .744 :%

. . . . . . . . .

Veriable @ –W l------------- . 1s3 .2.53
.115 . . . . . . . . .

.517 .039 .723 .775 .784 .300 . . . . . . . . .

I NacaJle@tion C-?.-A I

b----------------l“w~‘a’IamlawlamIamI ‘7MI‘W1----------l--------
I Needle @tfen A-l-B, fafrwl MO wing I
Eqyd lfndenL
N. O.A%d I-_.:::::::::::::::::

am awl 0.549 am a7e3 .
.109 .372 .m :% .722

fL:g 1 ~~ 11~

1

: g . . . . . . . . .

Vmiable ring –~ 1______________ .lni .7%s
. . . . . . . . .

NJi.O.A. cawled neceJle__________ .207 :R :% .064 :2 .786 :Z I :% :%! . . . . ----
. . . . . . . . .

NesaIle pmftion A-%B

SmcmthMay_______________
Eq@xl Ifndmsl-- -

0.190 6372 0..523 ao45 am 0.772 0.703 a 7m : :g . . . . . . . . .

N. .O_&%md 1.-.--:.::::::::=:::::::
.m .m ..533 .W .743
. lea

.794 .818 .796
. 61S .W

. . . . . . . . .

:E .m .&m
.775

Veriable @ –S I--------------------
. 6’M . . . . . . . . .

. 19J :Z .810
N&O.A. cowled neaeue__________ .197 .m .615

:E %J
.6s2 . no

.021 . . . . . . . . .
.7W3 .763 .4W . . . . . . . . .

I NecalhpcdtfonCM-B
I

smoothw—--------------------- &m a 3s1 am am a 776 .ai74 a 700 am ...................

1Smeu mc311&



CLARK Y WIN*VARIOUS RADIAL-ENGINlil COWLINGS~CrOR

TABLE VI-Continued

PROPULS~ EFFICIENCY

(T–AD)V
v- p

ProI.WerNo.~ fwt. Sot1P at 0.75R. @lo ofattack-l!Y

I

PROPELIJN3

v

Type 0[ rmdIe
z

0.1 0.2 0.3 0.4 0.6 0.6 0.7 0.8 04 Lo

Nadfe ~tion B, with side bi%%ts

Snumtbblxf . -------------------------- am 0.255
r l~ders 1

0.491 am a 049 am6 a593 ~~ ---.-.-.-- --.---.--

; .o.A%Od 1...::::::::::::::::::::::
.181 .341 .478 .bw
. lea .342

.6%s .715
.470

.Ws & 111 --------

N,A.O..4. mwled n9calh3____________ .lm .340
.627 .694 .67Q .em .210 . . . . . . ..-

.475 :%! .04il .072 .&al .510 . . . . . . . . . . --------

Ntualle podtion B, wkbont side brackets

Expmed oyllndem 1---------------------- a 1s9 aw3 0.518 ::6 0.716
N, A.OA. hmd I------------------------ . 18a .369

Cl761 0.m a724 a 491 -.--.-..-
.W

Variable ring –~ I---------------------- .196 .2$5 .m .613
‘g I ‘% ‘E ‘g ‘% ‘::::::::

Nacelle pmltion O

Smooth My—..--..-.- . . . . . ---------- o. 1U9 a 305 0.m 0.602 0.m a.s34 &&m 0.483’ . . . . . . . . . . .----...-

Nocalfe ~tion B-l-A, w into whrg

c$lnde.rsL.
:%?% mall--.. -.:::::::::::::::::::

:;; aw aw amo a 706 0.747 a 740 afxa
.W .675’ .m

I

a2i3 --.-.-.-

N.A.O.A. WWkd namllo_.._..._.__- .lm :E :% .EJ2
.m

.am
.346 -–.--–-

Varlnble ~ –~ I--------------------- .192 .355 .490 .@4 .W
.Om .679 :!%
. no .723

.oeJ1 . -------
.672 .W1 --------

Nacelle @tIon O-3-A

Smmth bay . . . ..__ . . ..___ ._.-._- a 192 a287 a 518 ao40 a 714 0.758 a 745 ah96 . --------- -----._-

Namlfe ~itforr A-l-B, faked Into wing

WI lhrdeml. ..__. _... _.__... am aw2 a542 a657 am
k%?o.A’%Od 1._. __.___ ._... _..

a 762 a 747 a 675
.197 .m .m .614 .f?xl

t

CL&s -_.----

Vorlable ring -W 1_. . ..__ . . . . ..__.. - .376 ..523
.735 .723

N.AO.L mwled rmmlle._ . . . . . ______
.638 .723

:Z .335 ..531
.m .810

--------

.63s .K16
:%1 .806

.723 .733 , .691
a 518

.546 .--.-----

Nacelle ~tlon A-ZB

I

;msti~=i:::::::l:::::::::::::: :; %J ‘l% :$j :2 :g ‘%J %J ;g .:::-::
N .O&%md 1-------------------------
Verinble ring –~ 1---------------------- .198 .376 .524 .644
NA.O.A. @3WkdNatalie __________ .194 .370

.ZM .782
.03 .617

.7’J2
..$35

. 7ml
.733

.043
.727 .06s

a 197
.487 . . . . . . ..-

Naralfo pcaitfan O-2-B

Smcdh bay--_ . . . . . . . . . . . . . . . . . . . . a207 aw aw a640 am a 7ca a 7eJ 0.678 0.245 --.--_.-

1Smnll rmmlfe.
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TABLE VII

LIIKl! COEFFICIENT WITH PROPELLER OPERATING

ReIMIer NOM12+ feet. Set 1P at R7b R. AIUk of ntteck- -6°

m ofnadle L-m=-F+,I 07 I 0s I 09 I 10
Needlepdtbn B, with sfde breeketa

H8mcmtbbad . . . . . . . . . . . . . . . . . . . . . . . . . ..- . . . . . . . . . . -----.-..--..-._-- a ~7 cl% yg
~ c Sd= ‘-------------------------------------------------

0.041 :% ~&e y OIJ

N. Ax2A.k 1------------------------- ----------------- ---.-.--- ~~ .021
.U.30

.02!1 .Om .@l
NJL.O.A. mwlwl rmmUe ___________ --------------------------

.019 .01.9
.am .m .033 .m .029 .020

I Nacelle@tfon B, wftlmnt side bmokets I

b Nacelle pwftfon O
I

I Smmthbxl, ------------------------l----------l----------l---------Iawlmmlamlo.wlamlamlaml

I
Nacelle pmitfm B-1-A fnfrd Into wing

I

Il#f8c.*ep.m&-e 1------------------------- --------- ---------- :09J CL17’J U.Jig Llo& :OiJ Ml&l :C&
--— --—---------------------------.—-—-...--—.-.-..

NJL.O.A.~WkdJL9dh3--------- --—–.- ---------- ---------- .W-l SE3& . au .078
Verfeble rfng –~ l____________

.074
.0$s

.071 ,070
.-..---- .-.------ .-. —---- .m .049 .om . Wd .O&s

I Nacelle~tbn O-3.A I

Smwth thy—------------------------ ------------------------------ am ao.a aw am a w aau am

Nacelle @tfon A-l-B, faked Into wing
I

-------------------------l---------~~=1 =% :: :2~
WAeflIn&s ‘--------------------- ---------------------------- -(l~o -m& -: g MO&

V&ble &g -W 1------------------------------ -------- ---------- –. 072
NA.O.A. cowled -e------------------------- -------- ---------- –. cm

I h’melfe pmitbn A-2-B
I

Smooth W ---’.--..–----...-.--.-...--l----------------------------

~-M .~m~~~~~~y+ml.----......-.- -----N O.A. ood 1-. . . . . . . -------- :----------------------------------
Verfable rfng –V 1------------------------------------------ ----------
N&O..&. mwled -e------------------------------------------- –.M8

Namlle pmftlon O-3-B

,}
Smmth Wy-------------------------- -------- -------- -------- -a ma acto 0.010 0.011 0.011 a 011 a olt

1Smen IlacaJl&



CLARK Y Tvm*vAIuous RADIAL-FINaNElcow’LmGs~ CTOR PROPELIJIR

TABLE VH-Continued

LIFT COEFFICIENT WITH PROPELLER OPERATING

Pmpalk No. 4412+ kot. Set 1~ at 0.76R. Angle of attock=O”

v

Typ40fnamue
a

R1 &2 0.3 a4 I as a6 0.7 0.8 a9 LO

I
Namlle mtim B, with side brecketd I

8mooth bwl --------------------------- ---------- ---------- . . . . . . . . . . 0.253 0.3M a344 0.340 a?a 0.233
ExxKE.@ I?ndem1...—----------------- . . . . . . . . . . ---------- --T------- .%s2 .3M .339

Q324

N. A. O.A%M 1. . ..- . . . . . . . . ----------- ---------- . . . . . . . . . . . . . . . . . . . . .3m3 .&w .Wa
.323 .316 .3(U .2s2
.321

N. A.O.A. COWh3dnedf&-------------- ---------- . . . . . . . . . . .. . . . . . . . . .
.316

.339 .337
.312 .311

.22s .m .?a .324 .321

NeceUe pmttlun B, tithout side bmckels

E_oyUMm l. . . . . . . . . ------------- -------------------- . . -------- aw a W
N. A.O.A. hwd 1------------------------- -------------------- ---------- ;= .s82

I

-a 311 am o.3a9 am
.318

a W1
.,?a

Vod~ble rins -% 1----------------------- ---------- --------- . . . . . . . . . .
.301

.32a
.2JM

r .320 .313 .311 .Z .310

Nadle LKuItion C I
8mootb b@’_ . . . . . . . . . . . . . . . . . . . . . . . . . ---------- . . . . . . . . . . . . . . . . . . . . o.3m 6252 a342 .CG23 I &319 I 0.311am

Nacelle @tIon B-l-A, fshml into wing

1

Exfmed Oy)kOiOl%1.- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ..-. --1---------- a 4Kl a 237 a384
NAO.A. hall ------------------------- . --------- ..--. -.-. -1---------- .3$37

a 340 0.32s :% 0.313
.381

N.A.O.A. cowled oomlle ----------------- . . . . . . . . . . ---. -.----{ ----------
.348 .341

:!% .416
.338

V8rfable rSng-W 1.-- . . . . .._ . . ..--_._ . . . . . . . . . . . . . . . --------------- .452
.376 .3s8 .3@I .286 .3TI

.m .370 .3’32 .345 .345 .3M

I NemUe pmition C-3-A
I

SrocmthWY--. .- . . . . . . . . . . . . . ---------- ---------- . . . . . . . . . . . . . . . . . . . . 0.352 CLMO aw
I

a 325
I

0.321 am
I

am

I Namlfe pOdtiOnA-l-B, Iehw3Into wfng
I

Exfxesd Mel. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ----------
N.A.O.A!%d 1-... -.--. . . . . . . . . . . . . . . . . ---------- -------- -------- :% ?% ?Z ?%! a%? a% :$
Vorlable ring -W 1----------------------- ---------- ---------- . . . . . . . ..- .278 .272 .270 .ais
N. A.C.A. mwfed IISWU13----------------- ---------- ---------- . . . . . . . . . . .243

:%7 .234
.246 .249 .2m .240 .248

Nacelle paitlon A-2-B I
$m=bjd . . . . . . . . . . . . . . . . . . . . . . . . . . . . ---------- ---------- . . . . . . . ..-

+

a276” am am axm am a2w am
den 1---------------------- --.---.--- ---------- ---------- :g .3a3 .= .?04

N.A.O.A. all . . . . --------------------- ---------- ---------- . . . . . . . ..-
.XH

.2SI
.W3 .au

.m .239
Vnriniierfng-V L- . . . . . . . . . . . . . . . . . . . .-...-.–. . . . . . . . . . . ---------- .240

.302 .mi
.261 .270

.W
.276

N. A.O.A. cowled namlle..- . . . ..-.. .-.-... . . . . . . ..- . . . . . . . . . . . . . . . . . . . . .27-3 .279
.m .282 .282

.231 .2ss .x .2!32 .238

NacaUepositionC+B

8mmtibtiy -------------------------------------- --------- ---------- aim a320 a 320 am a3m a3m am I1SmauEfude.



REPORT NATIONAL ADVISORY COMMITTEE FOR A13RONAUTICS

TABLE VIT-Continued

LD?T COEFFICIENT WITH PROPELLER OPERATING

Pm@er No. 4412-4 feet. Set 1P at 0.75E An@ ofattook-@

v
nii

‘Pyp.30frlaceue
0.1 al 0.3 0.4 6.5 CL6 a7 0.8 a9 LO

Nam?.llepmition B, with side bmmk?is

Smmth hod ------------------------- --------- --------- -------- am a% a~ a643 am
I@medademL.-

a 631 am
. . . -—------------- —-------- —--—---- .--- —---- .83U .621 . ml .&a .573 .E82

N.A.CJU W 1------------------------..........-------------------- .Tzl .6W .636 .616 .I?Oa
N.A.CA cmvledrmcell&___________------------------------------ .T.zl :%% .630

.M2
.631 .m .618 .618

NamUe pxition B, without side b~ I

Erp&d Oyundm L ..---—-----..-----— ---------- . . . . . . . . . . ---------- a&o a&7 0.617 :%
N.A,C.A.hwd 1------------------------ --------- ---------- --------- .631
Variable rinE -S 1----------------------- –--.-.–. --------- --------– .699 .W2 .m .eal

(L581 a 672 0.m
.Sm3 .E.m) .ss2
.W .674 .670

Nadh pdtion O

I I I amI aM2I am I 0616 I a614 I a6’28mmtb My -------------------------------------------------------0.732

‘ NawUepcdffon B-l-A,faked into wing I

h
Eqmwd lIndem 1---- . . ..-. ------.. -.-... -.--–-!---------- ----------
N.A.CA%md 1------------------------------------------ . -------- a% :x ‘:% :%
NA.C.A. mwled nacelle ------------ --- . . . . . . . . . . ..-—----
Vmiable ring –w 1—–----.-.-,------ -------------- --------- :E .721 .678 .6s8

a 625 a 616 0.669
.Oa) .132a .621
.6eJ1 .6.5s .632
.6BI .643 .W

NamUe pmition WA

Smdb My--------------------------- --------- --------- ---------- 0.640 a627 a 617 a 610 aw I aw I a601

Ne,mUeposition A-l-B, faked into wing I
h

I am U&=Aey’--–-----::::::::::
:::::::::1::::1: ::::::::: m&

a 578 a 570
----.--...— .678 .K3

Veriable k –~ 1-------------------- ---------- --------- -------- .572 .66.5 .S31
N.A.OA. cnwkd ------------------ -------------------- --------– .~ -~ .~ .~

NamIle pmltion A->B
I

Smmth hod -------------------------- --------- --------- ---------- am amE- ~dem I —----------------- ---------- ---------- --------- m
a w aetu a.. a610 a 613

‘%
.m .m .611 .619

NA.O.A. wd 1---------------------- ---------- ---------- --------- .W .~ ;% :% ;g ;g
.621
.601

Variable ring –P 1—-------------------- --------- -------- -------— .601 .m . EEl ~
NA.CA. retied nemUe__________ --------- ---------- --------- .619 . ml .s82 .bw .&02 .6m .Kt3

Nacelle @tIon O-3-B

smooth MY—.--.-..-.–-–. ----.– -———.- ----——— —-——— am aem am a= &w aws abin
I

lsrnau IIBmJk



CLARKY RADLAL-ENGINTI COWLIN~CTOR

TABLE VII-Continued

LIlK17 COEFFICIENT WITH PROPELLER OPERATING

C.p= *
\

Pm@lerNo. 44124 feat. Set 17 at 0.75R. Angleofattack=l~

393

I v I
nii

Typa Ofnemlh

0.1 I 0.2 03 0.4
I

0.6 0.6 0.7 0.s 0.9 Lo

N&Ale with B, with sfde bmokeb

8mmth bad . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . ---------- ---------- :E# l.g aw am O.QM :%
EXPOM oyl~dars 1---------------------- ---------- ---------- . . . . ..–..

a 931
.m .ss7 .s59

N.A.C.A. hd 1------------------------- .. . . . . . ..- . . . . . . . . . . ---------- L072 1.m .m
.82s

.949 .931 .919
N. A,C.A. cowled nacalfe.-- . . ..-. -..-..... . . . . . . . . . .-.-.. –.- ---------- L07S LIW3

.910
.976 .9Ea .940 .$2J .919

Namlle pcdtfonB, witlmnt fide brackets I .

ErIIOSM lhdml ---------------------- ---------- ---------- . . . . . . . . . . I. U?JI 0.%s 0.Q34 am O.m am ~g
TN. A.C.A. md 1------------------------- ---------- ---------- ---------- ;. .9WI .9s2 .927 .910 .m

Variable dng –~ l---------------------- ..-.------ ---------- . . . . . . . . . . .997 .W .Wa .913 .m .892

Namlle pmftfon O

8moothMy .........................................................- L~ 1.021 a U81 0.0s7 0.940 am 0.928

Nacelle pmltion B-I-A, faked lntn wfng I
Em Ifnders1---------------------- . . . . . . . ..- . . . . . . . ..- . . . . . . . ..-

‘%
1.ra L 041 a 9s1 a 941

N. A.O.A. oai L.- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . -..-------
a 916 ag am

1.111 1.0t2 .9$5 .940
N. A.O.A. cowled nmeUe..._.._... _... .-.-–. -.. . . . . . . . . . . . ---------

.620
L 140 L CM :% . 6%1 .9s6 .952

Variable ring -8° l--..--.---.------------ -.-------- ------.--- -----....-
.fEo

L 135 1.040 .992 .970 .951 .930 .923

NacellepsltfonC-3-A

SmoothMy ---------------------------- ---------- --------- ... .. . .. .. afl’ls am a 919 a 910 am a005 am

NamJfepmftfmxA-l-B, faked fntn wing

Exfx8ed Undml ---------------------- ---------- ---------- ---------- ~g am am ag; I a~ a= I am
N. A. C.A!?M i.---.-.--.--.------------ ---------- ---------- ---------- two .m
Vmfnble rfng -W 1----------------------- ---------- ---------- ---------- .Qca .$22 .= .872 %J
N. A.C.A. mwled n8ca11e.._. . . . . . . . . . . . . . . . . . ..- . . . . . . . . . . . . . . . . . . . .

.am
. fn4 .893 .m .&so .aw .Es3

N8mlle posftfmxA-2-B
I

~% ‘% E ‘; ‘i
8m00thb0d . . . . . . . . . . . . . . . . . . . . . . . . . ..- . . . . . . . . . . . . . . . . . . . . . . . . . . . ..- aem &w 0.9-34 a= :~
Em ~dal-........----.-------- ---------- ---------- ---------- .M@3

%N.A.C.A. d! ------------------------- ---------- ---------- ----------
Vorf.eblefig -~ 1----------------------- -.-------- ---------- ----...-.-
N.A.C.A. mn’led moue . . . . . . . . . . . . . . . . . . . . . ..-.– . . . . . . . . . . . . . . . . . ..- .W-5 .EM .6%

Namlle pmftlonC-3-B d
Smmtb bdy --------------------------------------------------------- am am

[
a 910 awm am

I
a .SSI afm

40768-~26



RDPORT NATIONAL ADVISORY COMMITI’EE FOR AERONAUTIC

TABLE VIII

MOMENT COEFFICIENT WITH PROPELLER OPERATING

c lip

“’-~c

Ro@far No. 4412+ M M 1P 8t 0.76R. A@e of nttaek= -6°

v
~D

Typ30fnacaIIe

al 02 03 0.4 0.5 0.6 0.7 Oa 0.9 Lo

A’acefle position B, with side braoke~

8mmtb Imd ---------------------------- . . . . . . . . . . . . -------- . . . . . . . . . . -am
J3xPE.@o ~dem 1------------------- ---------- . . . . . . . . . . ---------- -. m -.& -:-- :: -:# -’-g -:%
N.A.O.A. %WM1------------------------ ---------- ---------- ---------- –. 104
NA.C.A. cowled xmealle.._.__--_–- ---------- ---------- ---------- –. Uo –. ml –. m –. m –. lws –. w -. M

Namlfe pmitfon B, without tide brackets

~ Iindem 1.-.
N.AO.A%wl $.---–::::::::::::::::::: :::::::::: :::::::::: :::1..- 2 M

------ -a am -a alQ -_a g7 -a 059 -a w -o. w
-. m -. m –. 07s –. 077 -.076

Vmiable ring –V 1—.-.–.-...–..-..-- ---------- ---------- ---------- –. W –. m –. ($3 –. 078 –. 076 –. 072 -.071

iNaedle @tIon C

Smmtb My---. -.---. . . . . . . . . . . . . . ---------- ---------- ---------- -0.105 –o. m -0.079 -0.076 -a 071 -a w -fl M-7

h’mdle pmitton B-l-A, fafd Inte wing

E- linders 1.-----... -.-. -..-.-.– –-.------ ---------- ---------- -a loa
%

-0.118 -am -am -a 097 -a Mo -o. w
NA.OA. d 1------------------------ -------–. . . . . . . . ..- --------- –. 142 .:;. -. m –. 076 -. W –. f$o -. aso
NA.O.A. cowled nacelle.___..._ . ..–.. . . . . . ..- ---------- ---------- –. Is7 -. m –. 079 –. w -. fku
Variable rfng -@ 1---------------------- ---------- ---------- . . . . . . . ..- –. 1s5

-. m
–. 127 –. m –. on –. 08s –. Cm3z -. Ml

N’acellepmition C+A

Smwth My---------. ---.. -. . . ..-. -..-.l . . . . . ..–- . . -------- ---------- -0.240 -am -a K?J -o. lal -0.074 -o. 0s9 -0.042

A’aealfepmftfon A-l-B, faked Me wing
.—

EqmszY3cylinders 1.. . . . . . . ..- . ---------- ---------- --------- - . . . . . . . . . . –o. m -a 0-s3 -0.055 -a mm -o. 0s7 -a 071
Nd.CA. hwd 1------------------------- . . . . . . . ..- . . . . . . . . . . . -------- –. 024

-0.072
–.MO -. 0s2 -. o.w -. M3 -.09.5

Verlable rhg -W l-.. . . . . . . . . . . ... . . . . . . . . . . . . . . . . . . . . . ..- --------- –. 016
-. m

–. m ~. –. MS -.073 –. 079
NL.CAI. mwkd naeelfe-..._ . . . . . . . . . . . . . . . . ..- ---------- -----2---- –. 027

-. w
–. w -. m –. m –. 074 -. on

Namlle psition A-%B

f.hmmthImd ---------------------------- ---------- . . . . . . . . . . . . -------- a 031
E- ey~dera 1---------------- ---------- ------:--- ---------- .O.Yl

-0.010 -a aM –_: g -a 070 -o. am -o. w
–. an –. 040 -.076 ~.

N.A.O.A. hd l.---..------------------. ---------- ---------- . . . . . . . . . .
-. m

.0!5 –: fl;~ –. 043 -. W –. 076
Variable ring –P 1----------------------- . . . . . . . . . . . . . . . . . . . . . . . ------- .OM

-. ofw
–. 029 –. 050 –. 072 -. am

NA.OA. cowled namlfe.. . . --------- ---------- ---------- --------- .04
-. fM

I
–.m –.ml –.Osz –.w -. on -.1334

A’aedle pedtfon C-3-B

SnKmtbMy--------------------------- ------------------- . . . . . . . . . . 0.144 o.a34 -o. am -a 054 -ao76 -o. m
“r

-o. Ill)

1 SmaIl nacelle.

.



CLARKT WING-VARIOUS RADIAL-ENGINE COWLINGS~CTOR PROPELLER

TABLE VIII-Continued ,

MOMENT COEFFICIENT WITH PROPELLER OPERATING

C.P=EP
qsc

Fropelfm No. 4412-4 fret- S&1P at 0.76R Angle of 8ttaok.fP

v
nii

Typ9 of I12cafe

al 0,2
I

a3 a4 a5 I a6 a7 as 0.9 LO

Nmalfe fmition B, with dde bmekelx

Ismooth bod . . . . . . . . . ... . . . . . . . ..- . . . . . . . ..- --------- . . . . . . . . . . -acm
Em oy~dem 1..-. -.-. -.- . . . . . . . . -------------------- ----------

-a 078 -_a ~ -aM9 –a w –a M5 –o. 0s5
–. w –. 072 –. MS –. 0s2 –. m –. 04s

N.A.O.A. hmd 1—---------------------- . ------------------- ---------- –. a34 –. M5 –. w –. CM7 –.Mu –.044
N.&O.A. mwled moue ----------------- -------------------- ----------

–. w
–. 079 –. 071 –. 030 -. m –. m –. m –. 0s3

NemIle pmitfon B, without side Mecketi

Em Undom1. . . . . . . --------------- . . . . . . . . . . . . . . . . . . . . ---------- -j~ <g
‘%

-a m –_: g -_: g -_a ~ –a B
N.A.O.A. d 1—---------------------- . . . . . . . . . . . . . . . . . . . . ---------- –. 0?5 –. W
VerInble fig -P 1---------------------- ---------- . . . . . . . . . . . . -------- –. 075 –. 070 –. m –. M2 –. m –. as9 –. C&3

1 I I I I I 1 I I I

Necelfe pcdtbn O

Smoothbody--.-.................... ..-----------------------------a 031 -a w –aw -a m -0.849 -0.04s -a 04s

NamUe pmitfon B-l-A, fahed Me wfng ‘

EsfxmdoyUndera L . .. . . . . . . . . . . . . . . . . . . . . . . . . . ..- ---------- . . . . . . . . . . –a 134 -a Im -a 076 -a M -_a ~ .–a 017 -a 044
N.A.O.A. hco.ll . . . . . . . . . . . . . . . . . . . . . . . . . ---------- . . . . . . . ..- ---------- –. 197 –. 107 –. m –. m –. 0!0 –. Ml
N.A.O.A. mwled namffe----------------- . . . . . . . . . . ---------- ---------- –. 146 –. 104 –. 076 –. M9 –. w
Veriable dug –S’ 1----------------------- ---------- ---------- . . . . . . . ..- –. 14n –. lm –. 078 –. w –. awl ;E~ ~g

Nm.lfe pcdtionO+A
I

Smmtb My---------------------------- . . . . . . . . . . ---------- ---------- -0.322 -a lW –a 118 –o. w –a W –a w –a coI

h’ecde pdtfon A-l-B, faked fnto wfng

-:E ‘~~~ =~ ‘~~ ‘:: -:;

Em Unders1..- . . ..-.. -.- . . . . ----- ---------- ---------- ---------- -a ~
%Nd.O.A. md 1..-. .-- . . ..--. ..- . . . . ---- ---------- . . . . . . . ..- ----------

Vmfoble rfng –~ l..-. . . . . . . . . . . . . . . . . . . . . . . . . . . ---------- ----------
N.A.O.A. mwh?d moue ----------------- . . . . . . . . . . ---------- ----------

Nacelle pmftbn A-2-B

f3mmthbod . . .. . .. ... .. ... . .. .... .. ...- ---------- ---------- ----------
~ JndOm 1. . . . ....-- ....-. .. ... ...- ... .. ... . . ---------- %j a~ -:- -:- -:. %J ---~
N.A.O.A. W 1------------------------- .. .. .. ... . ---------- ----------
Vminble rfng –W’ 1---------------------- ---------- ---------- ---------- m .013 –. m –. 045 –. cm –. 07.2 –. m
N,A.O.A. mwlml necelfo...-...- . . . . . . ---------- ---------- ---------- .036 .010 –. mt –. 04s —’m –. 071 –. m

Nemfle +Uon C-3-B

Smooth MY---------------------------- ---------- ---------- . . . . . . . . . . a 147 ao40 –a 01
{

-a 044 -a ota -am –a ow

1Smau namfle.

.



.

REPORT NATIONAL ADV130RY COMMITI’E E FOR AERONAUTICS

TABLE VIII-Continued

MOMENT COEFFICIENT wITH PROPELLER OPERATING

c“’”i%
Pro@ferNo.4412-4fe.?t.Set1~ at 0.76R. Angle of attack-~

‘I$p3 ofnamlfe

-— --L+wLBlolo$l’’,lo’
I , Nacdfe pdtion B, with side bmckeis

I

s-bed

‘%!!4
—.-.---.—.-.-..—--------—-----------.--------------0.074 –o.0s7 –a m -a MS
dem I---------------------..........-------------------

N.A.0.A.
–.w –.w –.040 –.042

N.A.OA. ~W;--3;::::;~::::::::::::::::::::::::::::::::::::::–.C&
I

–.Ot4–.a35 –.030–.m –.m –.C&J –.am

Nm?JIE@tIon B, wfthont side bmekets

-a c-to
–. m
–. 020
–. a!o

–a am -a 039
-. fm -. Cf3a
-. m –. on
–. w -.047

IEqmsed Ifndem I-------------------- ---------- ---------- ---------- –a h
T

-_: g -o. asl –a 048
N. A.C.A. wd !----------------------- ------–-. .--------- ----------

-a M
–. 0.59

–a 042 -_: g:
–. am –. 048

Vmfable ring –P z--------------------- ---------- . . . . . . . . . . . . . . . . . . . .
–. 044

–. a59
–. 04a

–. MS –. 051 –. 0$8 –. 0!0 -. M -.044

Namlfe pmition C

$mmth My--------------------------- --–------ ---------- ---------- -aW -a 045 –a ma -a ma -a w -a 023 -ao26
—

N8mdle fmdtion B-l-A, fefmd into wing

‘p ffndm’9*..- –N 0.A%3 1..----:::::::::::::::::: :::::::::: :::::::::: ::::::::::
-0.117 –a ma –a ma –a w –a w
–. 142 –. w –. 0s9 –. 047

N.A.C.A.cvwlednacelle______–__ -------.–-----.--------------
-.m

–.115 –. m –. Ma –. w
Variable ring –8” 1-------------------- ---------- ---------- ----------

–. w
–. 115 –. m2 –. 059 –. m –. m

-o. M –a 03e!
-. a34 -.034
–. ml ~.
–. OX!

Nadle Mthn C-2-A

$mmth My-----–-— --------------- -.....-.– . . . . . . . . . . ---------- -0.295 -o. In -o. la3
I -awl -=F=F=

Nasalfe @don A-l-B, fafred into w@

WA%% 1-_--- -
da l-----------.------_-- ---------- ---------- ---------- 0.026 -a 010 -a a33 –_: ~7 –_: g

- ----------------- . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .014 –. 022 –. M
Vfufalde * –~ l_-–...-.._.._._. . . . . . . . ..- . . . . . . . . . . . . . . . . . . . . ~g –. am –. 033 –. 049
N.A.O.A. mwled namlfe---------- ---------- ------.--- ----------

-. w
–. au –. m –. 048 –. 0s6

–a M -aw
–.m –.m-. w -. w-s-.069 -. cm

I Nacelle pmftion A-2-B
I

Smmth W . . . ------------------------- ---------- ------.--- ------.-.-
E@ o$dem I---_----------------- ---------- ---------- ---------- ‘a% :% -:- -:MJ -:% I -:% -.:
N.A.C.A. cud 1------------------- . . . . . . . . . . -.– . . . . . . . . . . . . . . . .
Vmfable ring –W 1---------------------- ---------- ---------- ---------- .016 –. Ols –. 046
N.A.O.A. 133Wkdnnc%lfe__________ ---------- ---------- ---------- :%’

-.075 -.@l
.m –. o12 –.CQ5 I ::M –. M -.009

I Nadfepdtlon C-?-B
I

Smwth body -------------------- . . . . . . . . . . . . . . . . . . . . ---------- am acw acns –a 023 –o. m -a c84 –a 076

1Smdf nec-dle.
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TARLE VIII-Continued

MOMENT COEFFICIENT WITH PROPELLER OPERATING

c=p=~c

Prc@k No.~ feat.Sat1P at 0.75R. We ofaW-lW

‘b-w ofnamlfe

v
n

0.1
I

02 0.3
I

0.4 0.s
I

0.6
I

0.7
I

0.8
I CM I

1.0

Namlle fxdtion B, with tide brackets

8mmth hod . . . . . . . . . . . . . . . . . . . . . . . . . ..- . . ------------------ --------- -a 0.53

1

Em oy~dem 1---------------------- -------------------- ---------
-0. 0t2 -am

–. 041 -. m –. ma
N. A.O.A. hwd 1------------------------- ---------- -....---- ---------- –. m -. m –. 025
N. A.O.A. mwlad namlL3__________ -------------------- ---------- –. 045 -.042 –. Oio

-o. ml –a 02s -o. Ois -a m
–. 035 –. 03s –. 036 –. 035
–. m –. 021 –. m –. m
–. 0s7? –. m –. 03s –. a3a

h“amllo pmitfon B, without &da braeketa
I

}1Eqnsed Ilndora1------------------------------------------ . . . . . . . ..- -0. w
T

–a w –a Ml -a 042 –o. m
N. LO.A. wd 1------------------------- --------- . -------- . --------- –. m

–a m
-.030

–o. m
–. m –. @J) –. m

Vbbletig -&---------------------------------- . .. .. ...- .. .. .. ...- –. m
–. m

-.030 -. m
–. m

–. m –. all –. W –. m

NamlfepmitlonC

8mwth Wy ---------------------------- --------- -------------------- -0. m –o. 015 -0.012 -a 010 -o. m -o. Co7 –m fm

Nemlle pmition B-1-A, fefred into wfng I

IE_oyMdml --------------------- . . . . . . ..- ---------- ---------- -0.143 –o. 102 -o. Ooa -a Ma –o. 0i6
NA.O.A. homf 1------------------------- . --------- . --------- ----------

-0.040
–. 112 -. 02s

-o. m
–. Ots –. 035 –. 027

N.A.O.A. mW]d me--------------------------- ---------- ---------- –. lot
–. m

-. 07s –. w –. w
–. 021

–. m
Varfable ring –8° I-------------------- –. 107

–. m
–. 073 –. m –. 036

–. 024
. . . . . . ..- ---.-...-- ---------- –. m –. 019 –. 017

Nacelfe fmdtion O-3-A

8mwtb My------------------------------------- -------------------- -0. fias -aM2 -am –a w –o. 041 -llfQo -0.016

Namlfe pmitinn A-l-B, fohed into wfng

~o ~doml---------------------- ---------- ---------- ---------- o.~ -0. Olb -a w –0. 043 -0. w –0. m –o. m
%N. A.O.A. all------------------------- .-_------ . . . ------- . --------- -.010 –. 031 –. M3 –. m

Varfable ring –8° I_ . . . . ----------------- . --------- ..-------- ..-.------ :E
–. 05s

-. m.5 –. m
–. 057

–. m –. at7
N.A,O.A. mwlod namUe..- . . -------- ---------- ---------- ---------- .026

–. 0h2
-. w –. G27

–. ma
–. 0t2 –. w –. MS –. 0.ss

Smoothlmd . . . . . . . . . . . . . . . . . . . . . . . . . . . . ---------- --------- . --------- O.m
Eqmd ddwl-----.....----..--...- ---------- -----....- ----------

%

0.019 -_a &7
.a57 .010

N.LO.A. &l .. ..--. - . . . ..-. --.- . . . . . . ---------- . . . . . . . ..- ---------- .as$ . Ols –. 023
Varhtdering-W 1---------------------- ---------- . --------- ---------- ;% A& -.013
N.AO.A.mwlod namlfe----------- ---------- ---------- ---------- –. m

Xemllep%itionG2-B

-0.027 -o. OK!
–. CM –. @ss
–. ma –. Ow
–. 040 –. 054
–. 040 –. 049

-a 0-57 –o.m
–.030 –.071
–.Ma –.w
–.W1 –.m
–.w –.W7

}Smmti~y ---------------------------- ------------------- -.-.----- 0.18J O.m O.m -o.CQ4 -o. M6 –a M -0.072

397

1small namm
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TABLE IX

MERITS OF VARIOUS COWLINGS FOR DIFFERENT NACELLE LOCATIONS

HIGHAND CRUISING SPEED 00 NDITION

Pm@Ier No. 442-4 feek S& IT at 0.76R. ~-0.05 CL= O.347

I N-lmtion ----------------------------B B1
I

o B-I.As C*A A-l-B 3 A-%B C-3-B
—

I PmpnldVe ellldoncy (q)

Smmth hod ---------------------------
=w@d ~dem 1--------------------

o.7@l ----------0 .7E3 ._.._._l km ---i.ti.. 0.7%S 0.776
.s20 . . . . . . . .

Varfeble %W –V L--------------------- ._{;_ ?@ :::::::: 0:% “::::::::: .&l) .$2q
N4.OA. hmd I___– ___________ .816 ---------

. . . . . . . .

N.A.CA mwlwl nemUe__.______.–
.m ---------- .7s2

.700 ---------- ----------
.7s3 . . . . . . . .

.m . . . . . . . . . . .7W .773 . . . . . . . .

I
Nadle dmg efflderrogfectm(N.D1.)

~:-- ti ‘---$~:=zi-!zc:::
Smooth bed . . . . . . . . . . . . . . . . . . . . . . . . . . .
Expmed iders I_______________
v~ble~ -~ 1- --------–-----__ .-..:lW

clm –... ----- 0.318 . . . . . . . ..- am-- . S3.5 . ..!.?!.

N~.O& hmd I-------------------------
N.A.OA. cowled Nellie .._. _________

Net e133dmcy(n–N.D.F)

Smooth Iwd --------------------------
~ ~dem ‘----------------------- !& ---K%-- -.!!–?.. ---iti-- -l!?l –-KG-- % . ..!.?.
Varieble %W –P 1----------------------- ---------- .040 ..--------
NA.C.A. hood I-------------------------

.m . . . . . . . . . .
. 0i6 . . . . . . . . . .

.bm . . . . . . . .
.W3 . . . . . . . . . . %%

N.A.OJL. rxwled rmdle.-___.__- . . . . :% ..-.------ ---------
.559 . . . . . . . .

.&s ---------- .042 .&a . . . . . . . .

1Smell netie.
s Side brackets removed.
s Nacdle fahed MO wing.

TABLE X

RELATIVE MERITS OF VARIOUS COWLINGS FOR DIFFERENT NACELLE LOCATIONS

OIJMBING CONDITION

Pi-o@ler No. 4412-4 fwL Set 1P at 0.75 R. $-0.42. cL=o.~

Nardle Imtin --------------------------- B
I I I

~vO tidoncy”et dirrrblng -

----------------- ‘---- ~~: ~:: k ~-~~: :; :;

Smooth Imd ------------------------------
dm l._.. ._ . . . .._-- . . . . . -m

= %$-w 1___
N.A.O.A. heed 1---— -------------------
NA.O.A. CVWM necell%----------

Namlle dmg efJidenoyfoetor (N.D.F.)

8mdh M ------------------------------ -a 016 ..-. -.-.– –0. 014 ----------
~ ~de.m 1---

am . ..i.=.- :~

Varlable%g ~ I---111Z11111111111111-..:?!.. %J ::::::::;: :E :::::::::: .M

a ml
-. . . . . . .

NA.O.A. hod 1-_._..---.–-.---––
. 0s1 . . . . . ..-

N.A.(LA. mwled -e-------------------
.Om ---------- .024

–: E ---------- ---------- –. 010 . --------- .027
.049 . . . . . . . .
.019 . . . . . . . .

Net eJOdenuy(q–N.D.F.)

Smmtb IICU3-----------------------------
&d~l.-_-----------_------

cL~ ---------- 0.074 ..........

%%% z’g –w 1-_-

aB5 ----------0.636 0.021
0.046 -.––---- awo .......... am
.&m ---------

.W6 ........
—-. .-.-.-.—........-.-.----

NA.O.A. hrd l-------------------------
.062 -.------.- .m

.6@3 ---------
.s29 . . . . . . . .

N.A.OA. CMYM namlle----------
.642 . . . . . . . . . . .W

:% ---------- . . . . . . . . . .
.Mr3 . . . . ..-.

.053 . . . . . . . . . . .043 .02$ ........

1 smenmmna
~Side bmokets remow=i.
JNamlIe feirwl Into wing.


